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Introduction.

The following studies were begun at the Zoological Station in
Naples late in the Spring of 1885, and were continued with several in-
terruptions until the following January.

It is difficult to express my gratitude to the Director and Assistants
of the Zoological Station for the personal kindness shown towards me;
to do it in words would sound extravagant to those who did not under-
stand the peculiar circumstances. It is with mingled feelings of hum-
iliation and admiration, that T contrast the uncertain and hesitating
support given by Americans to such a purely scientific under-
taking, with the frank and generous manner in which Americans have
been invariably treated by the Director of this institution. Whatever
may be the reasons, or apologies that could be offered for such a con-
dition, I sincerely hope and trust it will not remain so long.

It was my intention, originally, to study the anatomy and develop-
ment of the eye of Pecten, hoping to find some explanation for the
presence of such a large number of highly developed eyes -— if indeed
they were such — in an animal which, apparently, could make no special
use of them.

Accepting the modern theories of evolution, we are brought to a
stand-still in attempting to apply this method of reasoning to the ori-
gin of the eyes of Pecten. There can be no doubt that structurally,
they are as perfectly adapted for seeing as those of the Cephalopods.
But while two eyes are sufficient for the latter animals, Pecfen, whose
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complex of activitics is far less intricate, is provided with nearly fifty
times as many! It is absurd to suppose that these inactive ereatures,
with hardly a trace of the higher animal functions, should need a hun-
dred eyes. But if they are not necessary, how could they have been
developed by natural selection? Evensupposing them once developed,
they must be an enormous vital expense for which the animal gets no
return. Itis contrary to all our conceptions of evolution, to suppose that
these expensive organs can be long sustained without some beneficial
return to the animal. But they must have developed once, and we may
be sure they did not spring into existence, Minerva-like, armed with all
the functional powers their complicated structnres wounld indicate. What
factors, then, could force the development of these organs to their
present height, and sustain them therc? That was the question which
first induced me to study these eyes more closely; the facts related in
the following pages furnish, I believe, a partial solution to the problem.

I desire to say a word in justification of certain statements, to be
made in the following paper, which may appear too dogmatical, or
without sufficient foundation in fact. I am, I helieve, perfectly con-
scious of the uncertain ground upon which I tread. That my statements
concerning the original function of the ommatidia, ofthe eye, and of animal
pigment, are positive, is just what T desired. Facts must be tested in two
ways: first, by observation, and second, by their »touch-stone« proper-
ties. An observation that explains nothing is no more a fact, than an
explanation founded upon nothing. In this paper, I have attempted to
apply the same principle. 1 consider my observations as worthless
without their »better halves¢, the deductions. My observations have
been tested by their ability to support reasonable deduections. It is
not a theory that T have tried to make, nor observations, but to marry
theory to observation, to obtain facts.

Positive statements have been made for several reasons: first, for
tke benefit of the reader, that he may understand whatIconsider tobe the
signification of the observations; he may then reject, or accept them as
he sees fit; secondly, because, I believe, to weigh an observation with
this and with that, and after a long discussion come to the conclusion
that we know nothing at all about it, only burdens to no purpose the al-
ready overladen literature, and might better have been left undone.

I hope the reader will treat my deductions in the same spirit that
they were given. not as dogmatic statements. butas tests of ohserva-
tions.

From the unsatisfactory results obtained by the study of Pecten
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alone, I was led into other fields where I should have been working still,
if eireumstances had not obliged me to bring this paper to a close.

The arrangement of these pages does not follow the order in which
the observations were made, nor any system, except that which appeared
to lead up to a better understanding of the more complicated eyes.

My studies upon the Arthropods have led me to conclusions as
widely different from those of GRENACHER as could possibly be the case,
even in such eomplicated structures as the Arthropod eyes. I have the
more faith in the observations, since they lead to the reduetion of the
essential parts of all visnal organs to one structural plan, which can be
followed through the whole animal kingdom, from the lowest to the
highest.

I have endeavored, first of all, to obtain as accurate a histological
knowledge as possible of any one eye; upon this knowledge I have
hased my conclusions concerning those of other groups or genera.

GRENACHER's ideas have received such universal acceptance, that it
is almost entirely with him I have to deal. But my own observations,
and the interpretation I put upon them, differ so widely from his, that
it is impossible to accept his terminology without great confusion. When-
ever it was possible, I used old names rather than invent new ones: but in
many cases, I was obliged to adopt the latter course. In the follow-
ing, the meaning of the new terms, and the added or modified signi-
fication attached to the old, will be explained.

In many places upon the Molluscan hypodermis, especially those
parts exposed to the light, the cuticula is divided into two layers, an
outer structureless one, the corneal cuticula, and an inner layer,
the retinidial cuticula, filled with the retia terminalia, or
ultimate ramifications of the hypodermic nerves.

The ommatidia (Pl. 32, figs. 128, 132 ete.), or structural ele-
ments of all eyes, consist of from 2 to 4 colorless cells, the retino-
phorae (n. 2f.), surrounded by a circle of pigmented ones, or re-
tinulae (pg.).

The cuticular secretion of each cell forms a rod, containing a spe-
cialized part of the retia terminalia, or retinidium.

In the more specialized ommatidia, the rods of the retinulae dis-
appear, leaving the double (Molluses, Worms ete.) and quadruple
(erystalline cone of Arthropods) rods of the retinophorae.

The apposed walls of the retinophorae disappear to a greater or
less extent, so that the nerve fibres between the cells come to lie in
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the centre of the group, and constitute the axial nerve (Pl 32,
ax. n).

The retinulac become modified at certain levels into pigmented
swellings for the protection of corresponding parts of the retinophorae:
the remaining parts are reduced to colorless and hyaline rods, the ba-
cilli be.

The retinophorae in the Arthropods are expanded at their outer
ends to form the calyx (fig. 12S, c. ¢.) containing the crystalline cone.
The attenuated inner ends are united to form a hollow tube, the style,
(fig. 128 s¢.); the expansion of the inner end of the style, the rhabdom
of GRENACHER, is called the pedicel (pd).

The fused, membranous, outer continuations of the inner row of
retinulae constitute the sheath of the calyx (fig. 128 r¢2).

The compound Arthropod eye consists of a double layer: a thin
outer one, the corneal hypodermis, secreting the corneal facets (fig.
12S ¢.2y.); and a thick inner, orommateal layer, consisting of the
united ommatidia.

Aretineum (fig. 132) is a coliection of ommatidia in which the
retinidia of both retinulae and retinophorae, or of the latter alone, form a
continuous layer, the retinulae retaining their pigment and primitive
arrangement around the retinophorae: e. g. invaginate eyes of all Mol-
luses (except Pecten).

An ommateum (figs. 133 and 138) is a group of ommatidia in
which the retinidia, produced by the retinophorae alone, are completely
isolated; e. g. the compound eyes of Arthropods and Molluses. Aretina
(fig. 140) is composed of a group of ommatidia in which the retinulac
have lost their rods and are transformed into pigmentless ganglionic
cells; e. g. Pecten and Vertebrates.

The term ommerythrine, I have applied to the red pigment in
all eyes, whether confined to the rods alone, to the retinulae, or to the
underlying tapetum.

Chapter I. Mollusca.
Arca.

Arca Noae, and in fact all the species of this genus which I have
examined, are extremely timid animals, the slightest disturbance being
sufficient to cause them to close their shells for two or three hours.
One unconsciously associates with nearly all Molluses great stupidity
and sluggishness; I was, therefore, surprised to see how quickly speci-
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mens of Arca Noae closed their shells whenever a slight shadow was
cast upon them. If, for instance, an aquarium containing one of these
animals is placed in a room well lighted from both sides, and a hand
put in front of the glass (care being taken to avoid any jar or shock to
the water), a faint shadow will be cast on the animal, sufficient, in spite
of its indistinetness, to cause it to close its shell with remarkable quick-
ness, but always one or two seconds afterward, the promptitude depend-
ing upon the depth of the shadow. The sensitiveness and rapidity of
reaction depend also upon the vitality of the animals, always being less
in those which have been for some time in confinement, yet still so great,
that those kept two or three months in small aquaria, with no special
provision for food, never failed to close the shell when a shadow was
thrown upon them. Still other simple experiments show that it is not
necessary to cast a shadow upon them, in order to prove that they have
organs specially sensitive to light. If, for instance, an ordinary, black
lead pencil, or any other equally small object, is approached with ex-
treme caution within two and a half or three inches of the anterior end
of the open shell, and in such a position that no perceptible shadow
falls upon the animal, it at once closes its shell, and with the same ener-
gy as when a deep shadow is cast npon it. If, on the other hand, a glass
rod is brought within the same distance of, or even much nearer to, the
anterior end of the open shell, and moved quite rapidly to and fro, no
effect is produced upon the mussel. The last experiment shows
that, in the trial with the pencil, the closing of the shell was not pro-
dunced by the disturbance of the water, since in the former experiment
care was used to avoid that effect, while in the latter, even a decided
agitation produced no result. All three experiments — with the shadow,
a small dark object, and a small transparent one, — were repeated at
least twenty-five or thirty times with different animals, and under dif-
ferent circumstances, and invariably gave the results related ahove.
Moreover, T have watched the animals many times for extended periods,
but have neverseen them close the shell, unless startled by some sudden
change in the intensity of light, or by shocks or disturbance of the water
in which they were.

I have not made any experiments upon Arca barbata or A. tetra-
gona.

It is only reasonable to suppose that the organs of vision, which
by the foregoing experiments we have proved to exist in Arca, must be
situated upon that portion most exposed to the light; aud, indeed, such
is really the case, for on examining the exposed part of the mantle edge,
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one readily sees, with an ordinary hand lens, innumerable, small pig-
ment spots, which, upon closer inspection, prove to he highly organized
eyes. But before we deseribe more minutely these interesting organs, it
will be well to give a general idea of that portion of the mantleupon
which they are located.

In all the specics examined, the same division of the mantle edge
into shell, ophthalmic, and velar fold was found (PI. 30, figs. 55
and 50), all three extending along the entire edge of the mantle. In
sections, one sees that the shell, or outer fold!, whose inner wall is
slightly thickened, is thin and deep (s. 4. f.). The ophthalmic fold (0. f.)
is somewhat thicker and taller than the former; its free end is thickened
and bears the eyes. It is usually covered with dense, dark brown or
black pigment, most abundant on the branchial side. The velar fold is
the largest, (v.) although very insignificant when compared with that of
Pecten, and is covered with dark brown pigment, specially abundant
at the anterior, and posterior portion of the mantle.

The velum of Aree barbate is well developed and forms a thin,
narrow and colorless band in the middle of the mantle, while towards
the anterior end it becomes deeply pigmented on both sides, and more
than twice as broad as before.

In all three species, the anterior portion is especially thickened
and completely covered with a coat of dark brown, or black pigment,
the intensity of which seems to depend upon the health of the individual
animal, and always diminishes with prolonged confinement. If the edge
of the mantle be now examined with a pocket lens, a nearly regular row
of dark brown spots will be seen, arranged along the summit of the
ophthalmic fold, larger near the pigmented anterior and posterior thicken-
ings, but smaller and muech more numerous in the median portions.
None are to be found near the hinge, on the last centimetre of the ante-
rior and posterior edge of the mantle. These eyes may be divided into
three kinds, the faceted, the invaginate, and the pseudo-lenti-
culate eyes, the first named being the most highly developed. They
form slightly flattened, hemispherical elevations of the epidermis, con-
fined to the anterior and posterior thickenings of the mantle.

The surface of the elevations appears to consist of a varying
number (10—80, of perfectly transparent and refractive lenticular pro-
jections of the cuticula, which, when viewed from above, appear like

i In speaking of the mantle, the inner surface means towards the branchial
cavity, and the outer toward the adjacent shell,

3T
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perfectly round, black holes, separated from each other by chocolate
brown pigment. The statement of WiLL is perfectly justifiable. that
»one might name them aggregate eyes, for they have all
the characteristics of those compound eyes, which we are
accustomed to designate by that name.«

In one example of Arca Noae, 8,5 em long, I have counted 133
faceted eyes in the left mantle edge. and 102 in the other. In the upper
edge, I have counted 30 in the first centimetre, and 37, 1S and 10
successively in the three following. Then comes a wide space without
faceted eyes, succeeded by three centimetres, each containing 14. 20
and 4 eyes respectively.

I have said that these eyes were arranged at perfectly regular in-
tervals, this is, however, not strictly true, althoungh, when observed
with a hand lens, such is the general effect produced. One often sees
two eyes so close together thatthey form one large, oval and double
eye spot (fig. 41). This occurs so frequently that, in one individual. I
have counted four or five such double eyes in various stages of union;
from one in which they form two eyes, so near together as to touch each
other, to those in which the double origin is only indicated by a slight
departure from the usual circular outline, and by a shallow, hardly per-
ceptible furrow in the middle. Now, since the single eyes vary consi-
derably in size, it is difficult to determine in all cases whether some of
the larger are formed by the fusion of two smaller, — the traces of union
having entirely disappeared — or whether some of the latter were
originally formed by the concrescence of two still smaller eyes. On the
branchial side of the ophthalmic fold, that is on the side towards the
light, the hypodermis with its cuticula is especially thickened and con-
tains numerous isolated, or scattered ommatidia in a high stage of
development (figs. 46 and 47).

In Arce barbata, 1 have found, in a specimen measuring 5 dm in
length, 91 faceted eyes on one side of the mantle, and 83 on the other,
making in all 174, about the average number.

In Area tetragona, 10 to 15 mm long, there are from 25 to 30
faceted eyes in each mantle edge.

Each eye is situated in a triangular, pigmented area; in the thickest
part of the mantle, the areas fuse with each other to form a continuous,
pigmented layer. The isolated areas differ in the intensity of their color-
ing; they are usnally Vandyke brown, and contain a number of darker,
irregular, pigment spots, largest and most numerous in the immediate
vicinity of the eye. In some cases these spots are absent.
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The pigmented areas culminate in a slight clevation, on the suni-
mit of which the eyes are usually situated; they either projeet some
distance above the surface, or occupy shallow depressions, where they
hardly more than attain the level of the smrrounding epithelinm. In all
cases, they are surrounded by a narrow and less deeply colored furrow
(figs. 44 and 45).

The invaginated eyes are smaller, and more easily overlooked,
than the faceted ones. They form a narrow band along the summit of
that portion of the ophthalmic fold, beneath the ventral opening in the
shell through which the byssus projects. A eertain amount of light ean
always penetrate this opening, which cannot be closed, and is only pro-
tected by a brush-like outgrowth of the cuticular covering of the shell.
These eyes are perfectly black, round or oval, pigmented cups varying
in size from .014 to .07 mm in diameter. Sometimes they form the
floor of shallow, sancer-like depressions of the epidermis, or, as in the
more perfected forms, lie at the bottom of deep pits, whose openings
have often heeome constricted into narrow slits, extending at right
angles to the edge of the mantle. In the oldest examples, the pits are
less numerous, or often absent, on the anterior portion of the mantle,
where the faceted eyes are most abundant: in the middle, where the
faceted eyes are absent, they reach their highest development. In the
posterior portion there are a few faeeted eyes and numerous invaginated
ones of all sizes and degrees of development, so that in many cases it
is difficult to tell whether they belong to one type, or the other. The
arrangement described above is that generally met with, and although
there is a wide individual variation, one is always sure to find certain
areas occupied by both faceted and invaginated eyes, together with
numerous, intermediate forms (figs. 46 and 47). The larger, and more
highly developed, invaginated eyes are arranged in a single row along
the summit of the ophthalmic fold, often so near together as to touch
each other; while, on each side, but more espeeially on that next the
velum, are innumerable, smaller eyes showing all gradations, from
simple pigmented spots, or even clusters of two or three pigment cells,
to the fully formed eyes.

The mantle edge in this region is colorless, with the exeeption of
pigmented areas similar in size and shape to those in which the faceted
eyes are sitnated. The nwmber of these pigmented areas is much
smaller than that of the eyes, several of which are often situated in
one of these spots. A network of shallow canals, formed by simple
folds of the skin, is distributed over the edge of the mantle. The invag-
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inated eyes are usually situated in cross canals o that, in most cases,
the smaller ones appear like simple, pigmented pits in the floors of the
canals. It often happens that, when these eyes are examined from
above, in surface preparations, they appear like very black, round,
pigment spots, and it is difficult to believe they are really sunken be-
low the surface. But on the other hand, if the openings of the pits be
closed, as is often the case, one sees a black, narrow, and slit-like
opening with the fainter outline of the retina beneath (Pl. 30, fig. 47).
In the latter instance, it is hardly necessary to prove by means of sect-
ions that they are pigmented pits sunken below the surface; in fact they
are exactly the same as those simple, invaginated eyes in the tentacles
of Patella. The number of these eyes is something extraordinary, when
we consider that these retiring animals are already provided with about
250 very perfect eyes. I bave counted in Arce barbata, 5!/, cm long,
as many as 420 or 430 eyes on one side, and 440 or 450 on the other,
not including a number of very small ones, difficult to distinguish from
ordinary pigment spots.

There is still a third form of eye, the pseudo-lenticulate, re-
sembling the last type, but not invaginated, and consisting of a few
retinal cells (to be soon more accurately described), covered with a len-
ticular and refractive body like a cornea, or lens. These forms, difficult
to recognize exeept in sections, are distributed irregularly among the
invaginated eyes, with which they are bronght into close relationship
by a number of intermediate forms. I estimate that there are about
a hundred such eyes in each mantle edge (fig. 54).

Here then we have a genus of almost motionless and helpless ani-
mals whose complex of activities consists in hardly more than closing
the shell to avoid an enemy, or opening it to obtain nourishment, and
yet each of these lowly organized animals has 250 compound eyes, each
of which (as we shall see later) is apparently as complicated an organ as
the eye of such active and carnivorous Amphipods, as Gemmarus or
Orchestia. Tt has S00 or 900 eyes like these of Patella, and then about
200 simple and minute ocelli, making a sum total of about 1300 eyes for
each individual. not including numerous, small groups of ommatidia,
too minute to be easily counted by means of an ordinary pocket lens.

Historical.

When we consider that these remarkable eyes, which even a ca-
sual observer could not fail to see, have since 1844 been known to
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exist, it seems hardly credible that they should have so long eseaped
that thorongh examination, which many less conspicuous and deserv-
ing organs received long ago.

As carly as 1844, WiLL (5) furnished us with the first notice of these
eyes. He recorded a number of fairly accurate statements of their
general appearance and distribution, and, moreover, fully recognized
the compound nature of the faceted eyes, the only ones he appears to
have seen. His mind seems to have been strongly impregnated with
terms applied to the various parts of the Vertebrate eyes, and, ap-
parently on the supposition that, either physiologically or morphologi-
cally, equivalent parts were to be found in all eyes, he has applied to
the Mollusea, terms from Vertebrate anatomy, when a better knowledge
of the facts shows that the parts, thus designated with the same names,
are widely different structures, and can neither morphologically nor
physiologically have any characteristics in common. A certain »a
priori« bias is produced, which tends to confusion, and from which it
is difficult to rid the mind. For instance, a simple fold formed by
abnormal contractions, he has, in Pinna, called an iris, and has applied
the same name to the circle of pigment cells surrounding the retino-
phorae. An ommatidium, he ealled a simple eye, which, indeed,
could hardly have been nearer the truth, even if he had had a much more
extended knowledge of the matter than he really did. The terms tape-
tum, choroidea, vitreous body, and iris, appear at all times,
and in places where it is difficult, but in fact hardly necessary, to de-
termine to just what structures these terms were applied. His imagina-
tion carried him so far that he has described minutely eyes of certain
genera of Mollusea, that it has required nearly forty years to prove do
not exist, unless indeed he examined other species than those at the
command of subsequent workers. Irepeat it is a remarkable thing that
this desecription, as accurate in observation as it was fantastic in
coneeption, should not have drawn the attention to- this subject that
its importance deserved, or provided us with a more detailed deseription
of one of the most remarkable systems of eyes — if I may use the
term — at present known to exist in the whole animal kingdom.

Subsequent authors seem to have been satisfied with WiLrL’s des-
cription, and deemed further knowledge on the subject unnecessary.
This was the case with SiesoLp (7), Scammr (17), SHare (18)
and GEGENBAUR (14). The latter erroneously speaks of the eyes of Arce
and Pectunculus as being borne npon special eye stalks. He also says,
referring to the eyes of Pecten, Spondylus, and other Lamellibranchiata,
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p-367, »Obgleichin dem Baue dieser Augen manches Eigen-
thimliche bestcht, sostimmen sie doch im Wesentlichen
mit den Sehorganen anderer Mollusken itberein«. This
statement indicates more faith in the uniformity of structure of Mollus-
can cyes, than actual observation.

These are the only remarks upon the eyes of Arca, to my know-
ledge, up to 1853, when Carriire published an imperfect and inaceu-
rate description of the eyes of Arca and Pectunculus, in which he
fails to add anything new to the subject. At the same time, he ex-
poses himself to the charge of plagiarism, for he lays special stress
on the fact that the eyes of Arce are compound, or »fan eyesc as
he calls them, and passes over in silence the fact, that WiLL had
long ago fully recognized the same — which has not been mentioned
by any recent author, — in an article no longer easily accessible.
He has, moreover, produced drawings of seetions, cut with a mo-
dern microtome and prepared with all the help modern histological
technique can give, in which he has represented, and also described in
the text, the eyes as being formed simply of cone-shaped cells coated
with pigment, each one being provided with a lens-like thickening of
the cuticula. A reference to my own drawings will give an idea of how
accurate I consider his descriptions to be. Such observations are of
double harm, for they not only introduce false notions into science, but
disarm suspicion, coming, as they do, from one who has made a spe-
cialty of the subject, and who is, presumably, equipped with a tech-
nique, which should enable him to keep pace with the progress of mo-
dern histological research.

The compound eyes. as we have already said. consist of from
10 to SO ommatidia, and measure from .07, to .14 mm in diameter.
Each ommatidium consists of a central, colorless core, formed of two
fused cells, whose bases are directed outward and support a double,
highly refractive, and transparent rod. The central cells, or retino-
phorae as we shall call them, are surrounded by eight pigmented
cover cells, or retinulae, arranged in two rows of four each, one
above the other (P1. 30, fig. 59). The whole ommatidium, which is about
.04 mm long, is wedge-shaped, the apex being directed inward. In
order to obtain a good idea of the structure of these compound eyes,
it is mecessary to resort to some macerating fluid in order to separate
the different cells; if the maceration is stopped at different stages of
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completion, preparations ean be made of the isolated ommatidia in all
stages of disintegration. The maeceration must be complete, in order to
isolate the retinophorae from their investing pigment cells. When this
is suceessfully done, these cells, on aceount of their characteristic shape
and general appearance, can at once be distinguished from all others.
They vary considerably in size, probably due to the fact that they come
from eyes in different stages of development, or from different parts of
the same eye. This variation, however, does not affect their character-
istie form, sinee they are in all cases wedge-shaped, with a blunt outer
end, and a pointed, inner extremity prolonged into a long, varicose
nerve fibre (figs. 52 and 59). The transformation of the inner extremity
of these cells into nerve fibre is so gradual, that it is impossible to say
where the one ends or the other begins. This is characteristic of the
retinophorae in all Mollusea, and is in marked contrast with the nerve
endings on the surrounding pigmented cover cells, or, indeed, on the
indifferent cells of the epithelium. If the maceration has been carried
so far as to separate the rods from the retinophorae, it will be seen
that the broad end is abruptly rounded, and that, at the very outer limits
of the cell, but always on one side, a nearly spherical nucleus is situated.
It is filled with many fine and deeply stained granules, while, in the
centre, is a small but distinet nucleolus. The nueleus is placed so close
to the cell wall, that it is often difficult to distinguish their respeective
boundaries. On the side of the cell opposite to that on which is situated
the nucleus. is an irregular, roundish and refractive body. absorbing
little coloring matter, but sufficient to distinguish it as the abortive
nucleus of the second of the two cells composing the retinophora. It is
not always easy. and in many ecases I have found it impossible, to sat-
isfy myself of the presence of this body, but the shape of the cell, and the
lateral position of the other nucleus, indicated that the retinophorae
were, in all cases, formed by the fusion of two cells, although it was
not always possible to distinguish both nueclei. The broad, outer end
of the retinophorae, — in the broadest part about .005 mm wide, —
is filled with a clear, finely granular protoplasm, a narrow area of strue-
tureless and refractive flnid surrounding the larger nucleus. The re-
maining portion of the cell is occupied by eclosely packed, transparent
and refractive globules, divided into two groups, an outer one composed
of larger globules, and an inner one of smaller ones. They are easily
destroyed by too much maceration, but, since a prolonged treatment is
necessary to separate these cells. it is difficult to observe this strueture,
although I have seen it often enough, and with sufficient clearness, to
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be confident that it must be the normal condition. This globular structure
is found in the colorless cells of Haliotis and Patella, and is probably
characteristic of these elements. When macerated either in osmic and
acetic acid (according to HerTwic's formula), or in dilute sulphuric
acid, the globular contents of the cell shrink into a small and refractive
hody situated in the middle of the cell; the remainder of the cell then
appears to be filled with a clear fluid, while, just back of the nucleus, a
partition is formed, dividing the cell into an external part containing the
nucleus, and a large internal portion once filled with refractive globules.

In sections, and in partly macerated specimens, it is seen that the
retinophorae are capped by an oblong, transparent and refractive body,
which at once suggests that it is a corneal facet, or cuticular lens. This,
however, I am convineed is not its true nature, but, on the contrary,
its strueture, and abundant supply of nerve fibres, shows that it is
the light perceiving element of the eye, or the rod. This rod is
brilliantly refractive and perfectly colorless. The inner surface has
the same curvature as the outer wall of the underlying cell. The
somewhat broader, distal end is well curved in Arce Noae. but is
somewhat flatter in Arce barbate; in cross sections it is per-
fectly spherical. The same fact may be observed in the living eye by
looking directly into the ommatidium, when one sees through the
perfectly transparent rod the black pigment beneath, producing the
effect of a deep and round, black spot surrounded by light chocolate-
colored pigment cells. In longitudinal sections, one sees an extremely
thin, cuticular-like outer layer, covering the outer surface of the rods,
and continuous with the cuticular of the pigmented ecover cells.
Toward the edge of the rods, it is more distinct, and there passes over
to form the very much thicker, cuticular layer of the cover cells. It is
in specimens macerated in sulphuric acid. that one is best able to de-
monstrate this membrane, for by this method, large pieces with several
rods attached may be easily separated. I have spoken of these strue-
tures as the rods, while, in reality, they are formed by the fusion of
two pieces, but so closely and intimately applied that it is not always
easy to demonstrate their dual origin. To do this with fresh and but
little macerated specimens is well nigh impossible, except in abnormal
cases. I have found two such cases, in which the freshly macerated rod
was formed of imperfectly joined halves, the configuration of each half
being as distinet, as though they belonged to two separate cells
fig. 52). Such cases are, however, rare. On the other hand, if the cells
were thoroughly macerated, in every rod could he seen a median divi-
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sion, with acorresponding indentation on the outer surface. This divid-
ing line could be distinguished from the longitndinal peres of the rod in
two ways, first, by its greater distinctness, and, second, by the fact
that, during a revolution of the rod on its axis through an angle of 909,
it disappeared, reappearing by a further revolution. This shows that
the median line is an optical scetion of the plane between the com-
ponent halves of the rod. Each half of the inner surface of the latter is
convex, a eross section of the lower end of the rod always giving a more
or less cireular outline, containing two ovals, — varying in size with the
niveau of the section, — separated by a central band. On the other
hand, a longitudinal section of the rod may be doubly concave on its
inner surface, while, if the plane of the section is turned through an
angle of 909, the result is a simple, concave outline. The rods never
become turbid by the action of any of the usual histological reagents.
In sulphuric acid, they expand somewhat at the outer end, thus slightly
exaggerating their normal shape. By a prolonged action of chromic acid,
they become constricted in the middle, while the outer and inner ends
assume about the same width. After a long treatment with haemato-
xylin, they stain an intense blue. When studied with an immersion lens,
a series of fine, cross lines, whose curvature corresponds with that of
the outer surface of the rod, can be seen. These lines, which appear
to be composed of minute dots, or dashes, decrease in distinctness and
frequency towards the inner ends of the rods. Other lines which, in
this case. seem more like pores in the substance of the rod, begin at the
base, where they are quite broad and well defined, and extend nearly
parallel with each other toward the ounter surface, where they finally
disappear fig. 59).

Each retinophora, with its double rod, is completely surrounded by
eight pigmented cells, four forming an inner, and four an outer row.
Each one of the four outer cells is laterally flattened, the inner two
thirds being reduced to very thin colorless bands, consisting of hardly
more than the cell walls, while the outer ends are wide and thick, and
filled with a dark brown pigment. The centre-of each thickened end is
thinner than the sides, and is elosely applied to, and conforms with,
the surface of the retinophorae. In sections, therefore, the inner contour
of the four pigment cells forms a circular space filled by the retino-
phorae, while the outer contour is more or less pentagonal, or hexagonal.

In the centre of the pigmented ends of these cells, is situated the oval
nucleus, which usually canses a protuberance upon that surface of the
cell turned away from the retinophora. The outer end of the cell is
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capped by a thick layer of transparent, and perfectly homogeneous
cuticula. The inner, membranous prolongations consist of flattened, and
longitudinally striated bacilli, which end abruptly in three or four
short, root-like fibres. The expanded pigmented ends, as far as the
base of the nucleus, form a broad collar for the retinophorae (fig. 59).

The inner circle of cover cells consists of four wedge-shaped, and
deeply pigmented cells, covering the two inner thirds of the retino-
phorae ; they are widest and thickest at the outer limit of the pigment.
There, the outer edges are bevelled, and rapidly decrease in thickness
to avery thin, structureless membrane, continned as far as the outer
extremity of the rods. The membranous prolongations of these four
cells unite to form adelicate sheath surrounding the outer portion of the
retinophorac, between them and the external cover cells, thus indicating
that the cells, to which these membranes belong, are more intimately
connected with the retinophorae than the outer row of pigment cells
(fig. 59 #¢. s.). The proximal ends of the four inner cells are narrowed
nearly to a point. The outer cells are so arranged that their narrow,
basal portions cover the line of contact of the adjacent, inner cells. The
oval nuclei of the latter are situated in the middle of the cells, and thickly
surrounded with pigment. so that they are seldom seen, except on cross
sections. They stain deeply, and with a dullness which is in marked
contract with the lighter, but clear and sharp stain characteristic of the
nuclei of the retinophorae.

Since the whole ommatidium is simply a highly specialized por-
tion of the hypodermis, we should expect to find the same method
of nerve endings there, as in the less modified portions. On sections
of the eye, it is hardly possible to observe more than the passage of
nerve fibres throngh the basal membrane, and along the cells to-
wards the surface. Isolation of the cells hy maceration, according to
the methods described below, furnishes the best results. Unfortunately
I was not able to obtain perfect control of the process, and the results
often varied, especially as far as a complete and rapid isolation of the
cells was concerned ; for sometimes only 24 hours maceration in bichro-
mate of potassium, 20/, disassociated the cells completely, and, at the
same time, in a remarkably perfect and normal condition, a result
which, at other times, was only imperfectly effected after prolonged
maceration, and after many important characteristics of the cells had
been destroyed. I am inclined to believe that it depends on the physical
condition of the animals experimented with; perfectly healthy and fresh
ones being more difficult to treat than those which have hecome weaken-
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ed by prolonged confinement. It is, however, not at all difficult to ob-
tain excellent preparations, in which the nerves now to he deseribed
may be easily studied.

Among the isolated cells of such preparations, one can easily dis-
tinguish the retinophorae — either with or without the rods — some-
times with the pigmented cover cells attached to them. It is very seldom
that one can trace the nerve fibres, or find their broken ends upon the
outer row of cover cells, but I have succeeded in doing so several times.
In such cases, one sees extremely fine fibres, either running along the
stalk of the cell, or projecting considerably beyond its base. The fibre
is often free everywhere, except at the outer, or pigmented, end of the
cell, to which it is attached so firmly, that considerable rapping upon
the cover glass is necessary before it can he entirely isolated; and, in-
deed, even with the roughest treatment, it is sometimes impossible to
separate it from the cell. This is due to the fact that lateral nerve fibril-
lae. applied to, or penetrating, the cell wall, are only formed at the
pigmented portion of the cell, in which the nucleus is situated.

The nerve fibres of the inner row of pigment cells are larger and
more numerous than those of the outer row. To study these nerve
fibres, the cells must first be isolated, to do which requires a more pro-
longed maceration than is necessary for those of the outer row. Very
instruetive preparations are obtained by a slight maceration, which not
only separates the ommatidia from each other, but removes the outer
row of pigment cells, leaving the retinophorae and their rods still sur-
rounded by the inner row of retinulae. The whole group of cells has a
conical shape, the rod forming the outermost and widest part (fig. 59 .
By further maceration, the inner row of pigment cells is isolated, and
one may then distingnish, on each side of the flattened surface, from two
to five refractive and colorless lines, which are seen to be distinet fibres,
and not cell markings as might easily be supposed from the fact that.
in almost every cell, some are either partly detached from, or project
heyond, the inner end of the cells (fig. 60). With a good light, and a
strong immersion lens, one can see exceedingly fine, cross fibrillae, which
arise, at quite regular intervals, from the larger, longitudinal nerve fibres:
where the latter project beyond the cell, the lateral fibrillae may still be
seen, no longer as straight as before, but either so closely curled, or so
strongly varicose, that one wounld hardly recognize them as fibrillae. In
the usual macerated preparations, these pigment cells extend only about
two thirds of the way from the hasal membrane towards the outer sar-
face, where they appear to cease abruptly. If, however, the cells be iso-
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lated in weak sulphurie acid, their outer thirds are retained as thin and
transparent membranes, along which one may see several fine lines, un-
doubtedly the continuation of the nerve fibres, seen more distinetly on
cells prepared in other ways. The inner ends of these pigment cells end
in a rather blunt point, on which I have not been able to distinguish
those root-like fibres, so common upon the inuner ends of most epithelial
cells. But this very circumstance makes it much easier to follow those
nerve fibres, just described, through the basal membrane inwards,
a considerable distance, until they are lost in the mass of scattered
fibres which supply the eye.

It is difficult to obtain isolated retinophorae intact, and in a
condition to show the nerve endings. Itis necessary to seach until a
good example is found. The best way is maceration in 15y—1/50 %
chromic acid, for ten or twelve days. The rods are somewhat shrunken
in the centre by this process, but are provided with a number of long
fibres, whose free ends project some distance beyond the inner edges of
the rods. These free ends are covered with a great number of fibrillae,
which branch from the main fibre at right angles, and, projecting a
short distance, end in a minute, refractive globule (fig. 48). The fibres
may be followed along the outer surface of the rod, where they form a
complete network of distinet, longitudinal fibres, and small, irregularly
distributed, cross ones, or fibrillac. At the outer end of the rod, the
longitudinal fibres become continuous with each other by means of con-
necting loops, as I have distinetly seen in several cases. The loops may
be distinguished from the other cross fibres, by their greater size and
distinctness (fig. 59). It is very difficult to find retinophorae, treated
in this manner, which have the rod still attached, therefore it is not
possible to follow the nerve fibres along the whole length of the cell,
because they are so intimately united with the rods that, when the latter
are detached, the nerve fibres are carried with them. Yet I have seen
the retinophorae with the rod still attached, and have followed the nerve
fibres almost down to the base of the cells.

In sections, one can, under favorable circumstances, see a special
aggregation of nerve fibres, passing to cach retinophora, and ascending
along the outer surface, between it and the inner pigment cells, until,
towards the outer ends of the latter, they disappear. It is therefore only
on macerated specimens, that I have been able to follow the nerve fibres
over the surface of the rods, where they terminate as already described.

The retinophorae are, moreover, supplied with a second form of
nerve fibres, which I believe to be characteristic of these structures, and
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not to be found in the other elements of the retina, namely, a central
nerve fihre, or hundle of nerve fibres, which extends, through the axis
of the retinophora, into the rod. Now, if we suppose that each cell was
supplied with a number of external nerve fibres, like those deseribed
for the pigmented ones, and that a speeial cluster of such fibres was
formed between the juxtaposed walls of two retinophorae, it is evident
that. with the fusion of the two cells, and the disappearance of the
apposed walls, the buneh of nerve fibres will eome to lie in the centre
of the retinophorae ; and since, aecording to our suppositions, the nerve
fibres extend to the summiit of the eell, — as we have always found to
be the case, — they will therefore penetrate the centre of the rod. It
is difficult to follow the nerves through the retinophorae, on aceount of
the mass of refractive globules, but here, as in other similar eases, it is
only necessary to find favorable examples, where one may distingunish
a bundle of at least two or three nerve fibres extending upwards from
the base of the eell, beyond the refractive granules; near the nueclei,
they become varicose and irregularly distributed. I have not sueeeeded
in tracing them directly into the rods, although I do not doubt that they
terminate there. The inner ends of the retinophorae are always pointed.
lacking the root-like fibres of the pigment eells; their transformation into
the issuing nerve fibres is so gradual, that it is impossible to say where
the one begins and the other ends. This nerve fibre, which is really a
nerve bundle composed of several smaller fibres, is larger than those
seen connected with the pigment cells. In some cases, the varieosities
of the axial nerve. at a short distance from the cell, become so large as
to form one or two vesicular swellings, which I thought might eontain
nuclei, but I have never been able to determine this point with eertainty.
The very small size of the rods has rendered the observation of the ulti-
mate nerve endings there a matter of extraordinary diffieulty. That the
outer fibres send their ultimate fibrillae into the substance of the rod is
shown by the persistency with which they invariably adhere to its sur-
face, while, on the other hand, they are always torn away from the sur-
face of the retinophorae. If we accept the supposition that the retino-
phora is formed by the fusion of two cells, — which, in faet, ean hardly
be called a supposition, since we have incontestible proof of it in the
double nature of the rod, and the presenee of two nuelei, — then the
eentral bundle of nerve fibres belongs to the same category as the ex-
ternal ones, and we may presume that they, like the outer nerve fibres,
also extend to the outer ends of the rods, that is, they form a system of
axial nerve fibres in the centre of the rod, just asis the case in the rods
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of Pectenn. Moreover, analogy with Pecten and Haliotis will allow us
to suppose a similar system of horizontal fibrillae uniting the inner and
outer system of nerve fibres.

Having obtained a more complete knowledge of those complex ele-
ments, or ommatidia, of which the most specialized eyes of drca are
formed, we are now in a hetter condition to nnderstand the strueture of
the second form, and the origin of both types from the aggregation of
elements found scattered in the pigmented portions of thie mantle.

The Invaginate Eyes.

The general characters and distribution of the invaginate eyes have
already been alluded to, and it now remains for us to give a more
accurate deseription of them.

When seen from above, in living specimens, they appear as very
dark brown or black spots. They may be sharply defined, oval, or
round, or they may be surrounded by a circle of lighter pigment cells,
which gradually pass into the surrounding, colorless epithelium. In
the midst of each pigment spot, one always sees from three to six or
more brilliantly refractive and colorless points, all the more striking
from being situated in the midst of the dark pigment. The intense black
color of the pigment is often reduced by the invagination of the eyes
below the surface, the more or less trangparent lips of the cup thus form-
ed folding over, and partly hiding, the sunken eye. The deeper the
cups, the greater is the tendency for their lips to approach each other,
forming a long, slit-like opening (Pl. 30, fig. 47). Whether this iris-
like fold is capable of regulating the amount of light by contraction or
expansion, I am unable to say. I have not observed any movement,
which would indicate such a funetion. WiLL has described an iris-like,
contractile opening in Pectunculus, which has faceted eyes similar to
these of Arca, but no invaginate ones. It is possible that he had in mind
the invaginate eyes of 4rce, when describing those of Pectunculus. Sec-
tions of the invaginated cyes show that they are simple, thickened por-
tions of the hypodermis, sunken below the surface, sometimes forming
wide-mouthed and shallow depressions, or deep funnel-like pits; in the
latter case, the axis of depression is not perpendicular to the surface,
but at an angle of ahout 50° or 600 with it, the deepest part being direct-
ed toward the shell (fig. 42).

The retineum is composed of broad, square-ended cells filled
with dark brown, or black pigment, and a smaller number of colorless
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ones. The latter contain a highly refractive, granular substance, and
arc usually conical, or wedge-shaped, the smaller end being directed
outwards, while the widened base is turned in the opposite direction
and contains a large nucleus. The latter is distinguished from the nuclei
of the surrounding pigment cells, in the same way that those of the re-
tinophorae in Haliotis, or in the faceted eyes of Arca, are distinguished
from the nuclei of the retinulae, i. e. by the clearness with which they
stain, and the presence of a nucleolus. The nuclei of the retinulae are
filled with a quantity of chromatine, which, although staining deeply,
produces a dull and heavy effect when contrasted with the brilliantly
and sharply stained nueclei of the retinophorae. This difference alone
would enable us to distinguish the two kinds of cells. Ihave sought for
traces of a second nucleus in the retinophorae, but in vain; this is pro-
bably due to their small size, and the difficulty of macerating them prop-
erly. On account of the paucity of these cells, they may be easily over-
looked, or confounded with colorless ones of the surrounding epithelium.
These difficulties, coupled with the fact that under the most favorable
circumstances the aborted nucleus is very hard to observe, render it more
than probable that such a nucleus has been overlooked, rather than that
it is not present at all. The number of these cells is comparatively small;
I have never seen, in sections of one eye, more than three. Looking into
the eye from above, on surface preparations, six or seven colorless cells
are seen as bright, refractive spots, while it is probable that there are two
or three more, that conld not be seen, on the sides of the pit; therefore a
typical invaginated eye would consist of from seven to ten ommatidia.

The remainder of the retinal layer is composed of large, cylin-
drical cells filled with dark brown, or in some cases nearly black pig-
ment. Only their bases are colorless, so that one can see the lower
portion of the deeply stained nuclei, the outer parts being closely envel-
oped in pigment (Pl 30, fig. 49).

The nueclei of both pigmented and colorless cells are so deeply situ-
ated that they seem, in some cases, to rest upon the basal membrane,
which is hardly more developed here than below ‘the ordinary epi-
thelium (fig. 42).

Below, and parallel to the basal membrane, is a number of con-
nective tissue fibres, besides many large gland cells with refractive and
granular contents, and excentrically placed nuclei.

The cuticula — bearing in mind that it is by no means certain that
all the structures with this name are homologous, or chemically ident-
ical — is well developed over all the pigmented cells, while it becomes
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especially thickened over the sunken, retinal layer of the invaginated
eyes. The thick cuticula over the pigmented areas is formed of two
layers; a thin, external one, dense and refractive, and a thicker, less
refractive, inner one, which has not so completely lost its vital proper-
ties. In, and below the latter layer is found the network of nerve
fibrillae constituting the retia terminalia. Itis thislayer which
is so greatly developed over the retinal cells of the in-
vaginated eyes, while the outer and thinner oneremains
unchanged. Over the invaginated eyes. the retinal cuticula is
composed almost entirely of innumerable and distinet nerve fibres, which
may often be traced below the cuticula, between the retinal cells
(PL. 30, fig. 42). At the basal ends of the cells, there are often con-
siderable spaces in which may he seen continuations of the same fibres,
which pass through the basal membrane into the underlying tissues as
isolated branches, not united to form a special opticnerve. When the nerve
fibres have once passed beyond the basal membrane, it is difficult to
distinguish them from those of the connective tissue.

These eyes are so difficult to macerate that I have not obtained
many data in that way, but still enough to convince me that the same
arrangement of nerves is found here, as in Healiotis, which will be de-
scribed in greater detail further on. For example, when I was for-
tunate enough to isolate some of the retinal cells uninjured, almost with-
out exception, two or three nerve fibres were seen attached to their sides,
with the free ends projecting some distance beyond either end of
the cells. This shows that, when the latter were in position, the
nerves extended into the cuticular layer, which is merely an exag-
gerated form of the ordinary cuticula containing the nervous retia ter-
minalia found everywhere above the pigmented hypodermis. The
ordinary cuticula represents the sum of the products of the individual
cells, and, in most cases, the outline of each cell is distinetly visible
upon it. This goes so far that it is often possible to separ-
ate the cuticula into its component elements; but espe-
cially is this the case on the modified, retinal portion
of the hypodermis, where the product of each cell has
attained a high stageof individuality, givingrise to the
rods.

The invaginated eyes, therefore, are composed of the same ele-
ments as the faceted, that is, a central colorless cell, probably contain-
ing an axial nerve fibre and two nuclei, together with a cuticular rod
supporting a specialized part of the retia terminalia (a retinidium);
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around each of these central cells, or retinophorae, is arranged a
number of pigmented ones, — in this case more than a single circle, —
which also support nerve-bearing, cuticular rods (P1. 30, fig. 49).

Such cireles of cells, or ommatidia, form groups varying greatly
among themselves, either in the number of ommatidia, or in the pre-
cision with which they are separated from the surrounding epithelium.
A very common form of invaginate eye is that in which from two to
four or more closely placed ommatidia form a central, dark area, sur-
rounded by a zone of lighter colored pigment cells, in which are several,
irregularly scattered ommatidia, decrcasing in number towards the
periphery of the band. In surface preparations, one may easily re-
cognize these scattered ommatidia by the color of the retinulae sur-
rounding the retinophorae. Although these isolated ommatidia are
usually seen in greater abundance about the invaginated eyes, they are
often found quite independent of them scattered irregularly over the
ophthalmic fold, and even in the other portions of the mantle. The
cuticula over these isolated retinulae, does not seem to be especially
thickened.

Pseudo-lenticulate Eyes.

I have found an interesting transitional form of eye, which belongs
neither to the invaginated nor faceted type, and which, for lack of a
better name, I shall call the pseudo-lenticulate eye. In sec-
tions, for instance, through that portion of the mantle where the invag-
inated eyes are most abundant, I have found quite sharply defined
groups of non-invaginated ommatidia. provided with a prominent len-
ticular thickening of the cuticula, containing vertical fibres undonbt-
edly of the same nature, i. e. nerve fibres, as those found in the cuti-
cnlar layer of the invaginated eyes (Pl. 30, fig. 54).

A retinal cuticula seems to be formed by the pigmented cover cells,
as well as by the retinophorae, and hence, in this respect, these eyes
resemble more closely the invaginated ones. On the other hand, these
intermediate forms, which greatly resemble the ocelli of the Coelenterata,
offer some similarity to the faceted eyes, in that they tend to form a
protuberant, eonvex surface, instead of a concave, invaginated one.

Just as the invaginated eyes, composed of a varying number of
ommatidia closely or loosely arranged in groups, show all grades of in-
vagination, so may one find a parallel series of changes in the pseundo-
lenticulate eyes, together with all grades of convexity. In the faceted
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eyes, the ommatidia, whether single or united in groups, show the same
composition. It is rather remarkable that the ommatidia of each type
of eye should retain so constantly their specific characters, even in
cases where the two types which they produce ave so little different-
iated from each other. I believe that, in both cases, the ommatidia are
different phases of the same structural elements, those of the faceted
eyes being undoubtedly of a higher order than those of the invaginated
ones, the latter being almost identical in strncture with those isolated
ommatidia, found irregularly distributed over the exposed portions of
the mantle. The isolated, faceted ommatidia are only found — and
then rarely — in the immediate vicinity of what appear to be degener-
ate evaginate eyes. It is more probable that the higher structure of the
faceted ommatidia was attained, after they were united into distinet
groups, than when in the isolated condition. If this is the case, we
should expect to find in those imperfectly formed faceted eyes, the pe-
ripheral ommatidia in a less perfect stage of development, in proportion
as they were more distant from the centre of the eye. But this is
not the case, for T have often seen isolated ommatidia on the peri-
phery, as highly developed as any ever found in the centre. For
this reason, I consider such eyes as retrogressive, rather than pro-
gressive, and possibly analogous with those cases in Peclen, where
fully formed eyes become functionless, by the complete pigmentation of
the cornea.

It is probable that during the phylogenetic development of the vi-
sual organs of Arca. those portions of the mantle, most exposed to
light, developed pigmented cells, among which were numerous color-
less (gland?) cells. By the fusion of two such pigmentless cells, and
the accumulation around them of a definite number of pigmented ones,
the isolated ommatidia were formed; they in turn united into special
groups, where the ommatidia became modified in certain directions
according to the form and position of the organs they composed. The
number of the isolated ommatidia must have been, at first, very great.
but probably diminished, as they accumulated to form more complex
organs of greater functional activity; after the formation of these
groups, the development of the ommatidia continued, until an enor-
mous number of visual organs was formed, in a high stage of perfection,
and of a functional activity disproportionate with the requirements of
the animal; a tendency for certain of the eyes to degenerate would
therefore arise. Such is at present the condition in Arce and Pectes.
It is probable that in both cases, peculiar, favorable conditions were
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present, whieh carried the development of these organs beyond the re-
quirements of the animal. The development was so rapid, and the in-
ertia — if we may use the expression — so great, that a state of in-
equilibrium was attained, now returning to a more stable eondition by
a reduetion in the number of eyes. This furnishes us with a remarkable
instanee of reversed degeneration, in which the degradation begins, not
with the loss of the most reecently aequired charaeters, thatis, the re-
duction of the ommatidia to a simpler condition — but by the isola-
tion of the perfected ommatidia; therefore retracing that developmental
step which was the first to give rise to the eyes.

The faceted eyes probably arise as modifieations of the invaginated
ones: during this proeess, the latter beeome shallower, and the nervous
network redueed entirely to the rods of the retinophorae, while the re-
tinulae, whose rods disappear, are used solely to protect the retinidia
of the retinophorae from the lateral rays of light.

Pectunculus.

The thick mantle edge of Pectunculus contains an enormous num-
ber of gland cells, which secrete a quantity of thick slime, materially
adding to the difficulty of studying the eyes of the living animal. Al-
though the edge of the mantle is thus enlarged, the three folds, whieh
are present here as in drcw and Pecten, are but slightly developed. The
inner wall of the ophthalmic fold is mueh extended and constitutes the
greater part of the pigmented portion of the mantle. It is studded with
numerous oval, or ronnd, madder brown, pigment spots, whieh, in many
cases, are sharply defined areas of nearly black pigment that might
easily be taken for eyes; in other instanees, they are more irregular and
lighter colored, without the sharp boundaries of the former. With the
exception of these pigment spots, the hypodermis of the ophthalmic fold
is nearly colorless, or of a faint, yellowish white tinge, intensified at
the base of the velum to form a distinet band of hrownish pigment,
parallel with the edge of the mantle. The velum is reduced to a eolor-
less, and inconspicuous ridge thrown into many irregular folds. At the
base of the ridge, on the proximal side, is a distinet band of brown
pigment, in the median portion of the mantle, broken up into wedge-
shaped patehes, each one consisting of radiating, pigmented lines. At
the anterior end of the mantle, the pigment is darker and forms a eon-
tinuous, but narrow band. The ecuticula is slightly thickened over the
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pigmented spots, and, in some cases, has a faint wavy outline. each
curve corresponding to the outer end of a pigmented cell. The spots are
provided with colorless sense cells, for on surface views one sees
numerous refractive and colorless points of varying size; the light,
which is often silvery white, appears to be reflected from the re-
fractive granules within the cells. The refractive points are only (?) to
be seen in the colored areas, where, surrounded by and contrasted with
the dark pigment cells, they are especially striking. Towards the an-
terior edge of the mantle. the spots become smaller and, assuming a
lineal arrangement at the summit of the ophthalmic fold, by a series of
easy gradations, pass into the faceted eyes, the only kind present in
Pectunculus. Being confined at the summit of the ophthalmic fold to a
space about 7 or 8 mm long, they are necessarily less numerous than
those of Arca. As in the last named genus, the number is greater on the
right, than on the left fold of the mantle. For instance, in twelve speci-
mens, the eyes varied in number from 17—25 on the left valve, and from
20—30 on the right; the average being about 25 and 22 on the right and
left mantle respectively. The largest eyes are not situated in the middle
of the row, as one might suppose, but at that end farthest away from
the hinge. The same tendency to form pairs is seen here as in Arca.
Usnally two large eyes are followed by two small ones, then two large
ones with a small one between; those of equal size being closest to-
gether. I have observed cases, however, in which as many as six or
seven fully formed eyes had united to form omne large group, whose
origin was indicated by the number of component parts, which had not
entirely lost their individuality.

The eyes of Pectunculus are easily discernible since they are not
surrounded by such quantities of pigment as in Arca. There are other,
but slight differences, which distinguish them from the eyes of the last
named genus; the lens-like rods are larger and more protuberant; the
cover cells of the outer row are thinner and less deeply pigmented; and
the eyes seem to have arrived at a more stable condition, for there is a
diminution in the number as well as variety of intermediate forms; the
few remaining eyes, having reached the height of their development and
being sufficient for the requirement of the animal, have been retained,
while the less uscful, intermediate forms have disappeared.

The eyes may be easily overlooked when the animal is irritated,
for the mantle is then contracted in such a manner, that the pigmented
outer edge is folded in against the shell, and only the inner side of the
thickened mantle, quite devoid of pigment, is seen. But when undisturb-
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ed, the shell is slightly open, and the mantle brought forward, exposing
the eyes, as well as the pigmented portions, to the light.

WiLL (5) was the first who (in 1S44) claimed to have found eyes
in this genus: his deseription, incomplete as it was, is still better than
any which has been published since that time; being short, and the ori-
ginal difficult to find, I will quote it in full. »Der Raum des Mantels von
Pectunculus pilosus hat zwei dicht an einander liegende Falten, welche,
wie bei anderen Bivalven, in der Niihe des Schlosses in eine zusammen-
laufen. Am Vorderrande ist diese eine dunkelbraun gesiumt, was
groBtentheils von den darauf befindlichen, sitzenden Augen herriihrt.
Dieselben stehen theils einzeln, theils in Gruppen vereinigt, auf dunkel-
braunen, orangenartigen, wiewohl nur wenig hervorragenden Erhih-
ungen. In den Gruppen, welche beildufig !/,—!/;" im Durchmesser
haben. liegen die Hornhénte so eng an einander, dass sie im Zusammen-
hange bleiben, wenn man sie von den unterliegenden Geweben losreilit.
Die einzelnen Hornhiiute sind jedoch rund. Man konnte diese Héufchen
aggregirte Augen nennen, denn sie haben alle Merkmale derjenigen
zusammengesetzten Angen, welehe man mit diesem Namen bezeichnet.
Die Anzahl der einzelnen Augen in einer solchen Gruppe betriigt 20
bis 30. Sie sind etwas kleiner als die einzeln stehenden, und die Durch-
messer beider verhalten sich wie 5:7 oder wie 5: 8. Die Pupille ist in
allen Augen rund; die Chorioidea roth; Glaskorper und Linse sind
selten deutlich zu sehen. Am unteren und hinteren Rande des Mantels
scheinen die Gruppen hiunfiger, dagegen die einzelnen Angen seltener
zu sein. Nicht zu verwechseln mit den augentragenden Erhabenheiten
sind die zwischen ihnen liegenden Pigmentflecken. Abgesehen davon,
dass letzteren die charakteristische Hornhaut fehlt, sind auch die in
ihnen enthaltenen Pigmentzellen kaum die Hiilfte so breit, als die Augen
und laufen nach innen spitzig zu, so dass sie wie kleine Kegel aussehen,
deren Basis und Spitze eine helle pigmentlose Stelle haben.«

It is not difficult to harmonize this description with what may be
observed by an examination of the mantle edge of Pectunculus pilosus.
The eyes, that he refers to as being found singly and unnited in groups,
are in the latter case undoubtedly the faceted eyes, while in the for-
mer they are probably either minute pigment spots or isolated omma-
tidia. In all other respects, the desecription, as far as it goes, is clear
and accurate and shows plainly that, even at that early date, the
resemblance of these eyes to the compound ones of Arthropods was
fully recognized. Just as was the case with Arce, no one deemed it
worth while to give a more accurate description of them. S1EBOLD (7)
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simply reiterates the statements of WiLL, as do also Scumipr (17) and
GEGENBAUR (14). CARRIERE's (19) recent description, accompanied hy
a drawing, is of little importance, since it contains nothing new but
what is wrong, and nothing right that was not already known. The
description given of the finer anatomy of the faceted eyes of Arca will,
with the exception of the slight differences already mentioned, apply
equally well to Pectunculus.

Pecten.
Historical.

It is not to be expected that the remarkable organs, which we shall
here consider, so prominent and so brilliantly colored, could have long
escaped the attention of the older Naturalists.

Nearly a century has elapsed since they were first described by
Pori (1), in 1795, who noticed their arrangement in pairs (a faet over-
looked by subsequent writers) and their position at the ends of short ten-
taeles; he thus unwittingly introduced the theory that they were modified
tentacles, an opinion held by some even to the present day. He could
hardly have failed to recognize the resemblanece of these organs to the
bhuman eye, as in fact he did, and applied corresponding names to
what he considered to he corresponding parts. This had its effect upon
succeeding writers, — to whom the terms homology and analogy were
unknown, — who, upon the discovery of new parts, saw in them the
structures known to occur in the human eye. To them there was but
one visual organ, that of the Vertebrates, and, having once reeog-
nized in the eye of Pecten a superficial resemblance to that of the Ver-
tehrates, they believed that there must be a corresponding agreement
in all the remaining parts. This led to results whieh, as far as Pecten
is concerned, are less striking, since there is indeed a remarkable
agreement in more ways than one; but in less complicated visual or-
gans, such as deseribed by WiLL for other Lamellibranchiata, where the
so-called cyes in reality consist of hardly more than pigment spots, one
is surprised to learn that in these simple organs they were able to re-
eognize a lens. vitreous body. ehoroid. iris ete., all of which are terms
borrowed from human anatomy.

Although it appears that the existence of these minute eyes was
not forgotten, further mention of them was not made until 1837, when
RoBERT GARNER (2) deseribed the »Brilliant emerald-like oeelli, which
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from their structure, having each a minute nerve, a pupil, a pigmentum,
a striated body, and a lens, and from their situation at the edge of the
mantle, where alone such organs could be useful, and also placed as in
Gasteropods with the tentacles, must be organs of vision«. To his con-
cise description’, where by the »pigmentume is meant the red pigment
layer. and by the »striated bodyc, the retina, not very much was added
until HENSEN (12) published his paper of which we shall speak later.

Kroux (3, and Gruse (4) published, almost simultancously, an
account of visnal organs in the Lamellibranchiata, in which the optic
nerve and argentea were described with tolerable accuracy. To the
former is due the credit of having first seen the septum, a name-
which he himself introduced.

We are indebted to the vivid imagination of WiLL for the greatest
number of accurate observations, as well as for many mistakes, con-
cerning the visual organs of Lamellibranchiata. In some cases, he has
very accurately described the external characteristics of the eyes of
Area, Pectunculus and Cardium; in others, he has scattered, with
lavish hand, high sounding names to organs, which, if they once
existed, now seem to have disappeared. To him, however, is due the
credit of having first acenrately described the cellular structure of the
lens of Pecten. The observations of WIiLL appear to have been accepted
withont comment by SreBoLD, LEYDI1G, BRONN, and even by still later
writers.

KerersTEIN (11) recognized in the so-called viteous body, the fib-
rous strueture of which had been known since GARNER, the real retina,
the rods of which he believed to be turned inwards, as in Vertebrates.

The classical researches of HENSEN carried our knowledge, at one
bound, to the position which it occupies to-day. He has deseribed with
the greatest detail the structure of the component parts of the
eye, — especially the retina, where his acute vision enabled him to
distinguish the central nerve fibre of the retinophorae, an observation
which his successors were not always able to repeat. The general course
of the other nerve fibres, especially those proceeding from the ganglionic
branch, he was likewise able to follow with wonderful accuracy,
when we consider his means and methods of study.

I The reference of GARNER to the eyes of Ostree, in which we are led to as-
sume that they are similar to the eyes of Pecten and Spondylus, is probably due to
the fact that he had in mind another species of Pecfen. POLI speaks of Pecten as
Ostrea.
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Hicksox (15 and 16) and CArRriEre (19) have only been able to
add to the excellent work of HENSEN a few corrections of minor im-
portance, concerning the structure of the lens, cornea ete.

SHARP (18), withont making any contribution to our knowledge on
the subject, has come to the conclusion that the external pigmented
ring of the eye is really the sensitive part, while the eye itself, he
considers to have another function than that of vision.

It is interesting to follow the fluctuations in Zoological opinion,
cansed by the accession of new knowledge concerning these organs.
At first, the superficial resemblance between these structures and the
human eye was so great that an equivalent functional power was
likewise tacitly aseribed to them. With increased knowledge, the
structural similarity was seen to disappear, and less importance
was then attached to their funetional powers, until, finally, the
careful researches of HexseEx showed a remarkable discrepancy be-
tween their highly complicated structure, and their apparent lack of
visual power. This difference is heightened by the great number of
eyes present, which appear to far exceed the simple requirements of
stch an animal.

Thus many were led to believe that the organs in question were
not eyes at all, but luminons organs, or they were placed in the
category of structures, the funetions of which were unknown.

General struecture.

After comparing the complex organs just deseribed with the sim-
pler eyes of Arce, and the infinitely less complicated ones of Awicula,
we are led to expect a corresponding difference in their functional
powers. How far this expectation is realized will be seen from what
follows.

If we study the structure of the eyes of Pecten, we shall find that
the parts really have the function that their names and composition
indicate.

We see a constant purpose in view; the concentration of the rays
of light, and formation of inverted images of external objects upon a
sensitive nervous layer, the arrangement of whose elements shows a
definite relation to the direction of the rays of light.

First, let us consider the cornea and the colorless opening, or pu-
pil, surrounded by the pigmented iris. The curvature of the former
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(which in Pecten Jacobaeus and Pecten opercularis projects but little
above the level of the iris), and the size of the pupil, may be regulat-
ed, according to the conditions to be fulfilled, by mcans of contractile
fibres. By the simultancous contraction of the ciliaris (Pl. 29, figs. 18
and 19 s.6.) and the superficial cirenlar and radiating fibres of the lens,
the edges of the cornea and iris will be drawn inwards, and the convex-
ity of the former and of the outer surface of the lens increased, while the
opening of the pupil may be diminished to almost half its previous dia-
meter. In the living condition, all stages of contraction may be ob-
served. Strong irritants cause contraction, and an increased convexity of
the cornea. If the mantle is treated with weak chromric acid, the muscles
relax, the cornea becomes nearly flat, and the pupil widely extended.
Contraction of the longitudinal muscles, extending along the inner wall
of the iris and attached to the suspensory ligament (Pl. 29,
fig. 19 s. 4.), would cause a flattening of the outer surface of the-lens,
accompanied by a bodily movement of the latter toward the retina. We
now see the object of the peculiar layer of vertical nerve fibres: for
without this, any movement of the lens, attached to the septal mem-
brane, would necessitate a disturbance of, or injury to the retinal cells.
But with the present axrangement the lens, accompanied by the septal
membrane, may be elevated or depressed, without contact with the
retina, simply by the flexion of the nerves of the fibrous layer. The
latter was considered by HENSEN to be artificially formed by shrink-
age, and the consequent drawing out of the nerve fibres from the
septal membrane. CARRIERE has described it as forming a layer of small
columnar cells. That both of these statements are incorrect, and that
the condition represented in figs. 10 and 19 is a natural one, may
be seen by examining this layer, in the living condition, through the
choroid fissure. It is very probable that the inward movement of the
lens is accomplished by the contraction of the ciliaris and the
muscles attached to the suspensory ligament. This movement is
facilitated by the contraction of the circular fibres on the peri-
phery of the septal membrane, so that the thick, structureless,
central portien, upon which the lens rests, will fall by its own weight,
or by the pressure of the lens. But how is the elevation of the latter
accomplished? It might be done by the contraction of the relaxed, septal
membrane; but that is only provided with circular fibres, which could
not produce any such effect. Neither could the lens be raised by the con-
traction of any of its own muscles, or of any attached to it. It is pro-
duced by thetendency of the elastic septal membrane to
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return to its natural position, after the contraction of its
peripheral, circular fibres has relaxed the tension upon
the central portion. There is good evidence of the elasticity of this
membrane, for in certain reagents, as chromic acid, the muscles being
gradually deprived of their power, the tension of the septal membrane
acting upon the lens presses it almost flat, and two great folds are pro-
duced in the periplery of the retina. But, by isolating the lens and sub-
sequently hardening it in chromic acid, its original shape is perfectly
preserved. Muscular contractions which, caused by the irritation of rea-
gents, produce such a great difference in the shape of the lens, must be
able, in the living condition, to produce the extremely slight changes
necessary for focal adjustment! This process may be produced then in
two ways ; by an increased convexity, causing a shorter focal distance,
and by the bodily movement of the lens itself. But it will be asked, is
this body really a lens? Does it actually form an image, or concentrate
the rays of light at a certain point, and does this point fall within the
retinal layer which, morphologically, we must consider to be the essen-
tial and percipient one?

These questions arc pertinent, and the answer to them will show
whether the body in question is really entitled to be called a lens, and
whether the function of these eyes of Pecten is as perfect as their com-
plicated structure indicates.

The following experiments will prove that all the above questions
may be answered in the affirmative. The body in question is a true,
optic lens, it forms a perfect inverted image falling upon what must,
morphologically, be considered as the percipient elements, namely, the
rods with their contained retinidia. In order to see the images form-
ed by the lens, and determine their position, one of the large eyes,
containing little pigment, must be selected from the anterior or posterior
edge of the mantle: one may then easily look into the interior of the
eye, when it has been carefully removed from the shell. The eye must
then be fixed with the optic axis nearly vertical, but with a slight inclin-
ation toward the window whence the light comes.

The images of white objects are most easily visible. I have,
therefore, dipped a fine needle in white paint, leaving a small globule
at the point. If the needle is now inserted between the eye and the ob-
jeetive, a perfect inverted image will be seen in the depths
of the eye: the globule at the end of the needle serves to orient the
image. That the image of a much larger and distant object will be
formed with exactly the same precision may be proved by holding the
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fingers of the hand at the level of the ocular, when an upright image
of the fingers, or a part of the hand, will be seen with perfeet distinet-
ness, below the inner surface of the lens. An upright image is seen in
the latter case, because the inverted image, formed by the lens, is reeti-
fied by the microscope. In the former experiment, both the needle
and its inverted image are reversed by the microscope, so that the
relation between the two is retained. Any other object, when held in
the right position, may be seen with equal distinetness. For instance, if
one of the numerous tentacles, supplied with sense hair papillae, be
placed over the pupil, its inverted image, with all the details of struc-
ture, will be seen below the surface. One may also paint several white
lines on the base of the objective, the images of which will easily be
seen in the eye. That these images are not formed by reflection from
the cornea, or surfaces of the lens, is proved: first, by the fact that the
images are inverted and are formed below the lens; and, secondly, by
comparing them with the reflected images formed by the surface of the
lens, or cornea. For instance, by focusing upon the latter, or inner sur-
face of the lens, an inverted image of the moving tree tops in front
of the window, or the base of the latter will be seen. When seen with
the microscope, these images are inverted, and therefore are formed
by the cornea and surface of the lens, as upright and
reflected images. Ouly a part of the image, that formed in the
centre of the eye, is perfect; the image of a large object, as the hand
or fingers, about twelve inches from the eye, will be enlarged and curved
at the periphery. Only the end of the horizontally held finger will be
perfectly reproduced,while the basal part appears enlarged and bent ; but
a tentacle, just above and extending entirely across the pupil, will be
quite perfectly reproduced as a concave image. In trying this simple
experiment, the utmost care is necessary to have a perfectly fresh and
uninjured eye, as the slightest pressure appears to be sufficient to pre-
vent the formation of any but reflex images. But where is the image
formed ? This may be easily determined by following successively the
layers of the eye as far as the tapetum. First, are seen the minute hexa-
gonal ends of the corneal cells, then the radiating and circular fibres
of the pseudo-cornea and outer surface of the lens, followed by the
large, irregularly shaped cells of the latter; then the outer layer of
ganglionic cells above the perfectly regular but faint outline of the
rods (which may be recognized by their resemblance to the figures
seen by viewing the prepared isolated retina from above or below), —
and lastly, the tapetum itself, from which issues the red light from the
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pigment below. Just before reaching the tapetum, the image of any
object in front of the pupil will be seen with the greatest distinct-
ness, diminishing in definition according as the objective of the micro-
seope is raised or lowered. But the rods also lie just above the tape-
tum, so that upon them the image must be formed. A remarkable
phenomenon may be observed, by focusing between the argentea and
the place where the image formed by the lens is seen with the greatest
distinctness, for there one sees a double image, less dis-
tinct towards the argentea, but increasing in sharpness
towards the focal pointoftheeye, where the two images
ultimately fuse to form a single one. The only explanation
I have to offer for the origin of this second image, is that it is a re-
flected one of the first, formed by the curved surface of
the argentea. A plain mirror would never reflect an image formed
by a lens, since the rays of light would be dispersed ; neither would the
image be reproduced by a concave mirror, unless the curvature was
such that the divergent rays coming from the lens impinged upon the
reflecting surface, at right angles to the tangent at that point. In that
case each reflected ray would coincide with the incident one, and a
reflected repetition of the lenticular image would be reproduced, bhoth
being formed at the same point. The exact relation between the focal
distance of a lens like that of Pecter, and the radius of the comncave
mirror which would again unite the rays, has not been determined
(P1. 32, fig. 149).

Anatomy of the Eyes.

The mantle of Pecter would serve very well as a type, since it
possesses all the structures found in any Lamellibranchiata, with the
exception of the various forms of faceted eyes so characteristic of Area.
The shell fold is separated from the ophthalmie, by a very deep furrow,
the bottom of which is occupied by a continuous, double ridge of thick-
ened cells which secrete the cuticular covering of the shell. The outer
of these ridges, hoth of which extend the whole length of the mantle, is
large and heart-shaped, while the other is high and narrow (P1. 28, ¢. ¢.).

The ophthalmic fold projects considerably above the edge of the
mantle, and is deeply forked at its free end. From the inner wall of its
base, arise the innumerable tentacles, and, at certain intervals, the
stalked eyes, which it is our purpose to consider. The tentacles are usu-
ally situated between the eyes and the ophthalmic fold (PIL. 28, fig. 7,
but occasionally the reverse may be the case.
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The inner edge of the mantle is eontinued inwards to form the
enormous velum. the free edge of which is beset with small tentacles:
Pl. 28, fig. 2 represents a section through the mantle edge of a young
Pecten opercularis. If one imagines all of these folds increased, and
a greater development of the tentacles, a very good idea of the adult con-
dition will be obtained. Only the ophthalmic fold is ciliated, the remain-
ing portions are, liowever, studded with sense hair papillae.

The distribution of the eyes offers several interesting peculiari-
ties that have not been sufficiently treated by previous writers. They are
largest and most numerous at the anterior and posterior ends of the flat,
left valve; at those points also, the pigment ring of the eye is lighter
and less developed, while the eye stalks are short. The pigmented ring
is larger and blacker, and the stalks longest, in the median part of the
mantle, but, at the same time, thc eyes are farther apart, and placed at
pretty regular intervals. One of the most remarkable things, is their
arrangement in pairs, something in the following manner: two large
ones are followed by two smaller ones, all at regular intervals; then
follow two large ones, farther apart, with a single one between, and so
on: although the sequence may not always be the same, still the
paired arrangement is never disgnised. I thought, at first, to recognize
a definite law in the succession of large and smaller ones, but was
finally compelled to admit that the number of eyes not only varied con-
siderably, but that the sequence of the groups was not at all constant.
We will show, in speaking of the development, that, although the
number and size of the eyes may differ in individuals of the same age,
no formation of new eyes takes place, after the attainment of more than
a couple of centimetres in size.

Another fact worthy of consideration is that, on the posterior edge
of the mantle, and therefore near the rectal opening, there is a special
group of six or seven large eyes closely placed, and all nearly equal in
size to the largest eyes in the group near the mouth opening; some of
the eyes in the latter group are distingnished by being much smaller
than the others. Although it is difficult to define exactly the difference
between the two groups, — since they often vary considerably, —
still they may be always recognized by the characteristics given above.

The eyes of the right mantle are much smaller, and almost uniform
in size; they are situated at the summit of long stalks arranged at nearly
regular intervals.

In no species of Pecten is the difference between the curvature of
the right and left valves so strongly marked, as in Pecten Jacobaeus,
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and in no species is to be found an equally strong, corresponding differ-
ence in the size and arrangement of the eyes. I have made a great
many experiments with Pecten Jacobaeus, and have found that, when
turned upon the flat side, after a few hours they invariably succeeded
in turning over. Among the large number constantly kept in the Aqua-
rinm at Naples, I have never seen one resting on the flat valve. In other
species of Pecten, where there is no difference in the curvature, still
there is a tendency to rest upon the right valve ; and then, also, one finds
a corresponding difference in the development of the eyes, those on the
right valve being, if not always smaller, at least less numerous. In
Arca barbata as well as Area Noae, an exactly similar condition is to
be found.

In attempting to account for this difference between the two sides
of the mautle, the first thought suggested is that the animal has become
accustomed to lie upon one side, so that one part is more exposed to the
light than the other; thercfore the eyes would attain their greatest
development at that point. It is trne that, when such a difference was
once started, the advantage given to one side of the mantle would lead
to a still further differentiation of the two parts. But why is it that
animals, which are capable of resting upon either one side or the other,
and between which there is no apparent difference in size or curvature,
have more and hetter devcloped eyes upon the left, than upon the
right fold of the mantle? Why is it, for instance, that in Arce Noae, or
Arca barbata, the left half of the mantle is more richly supplied with
eyes, than the right, although the right, left, or ventral side may be turn-
ed downwards? In Pecten opercularis, P. varius, and others, there
is a well marked difference between the mantle edges, but in a great
many cases it is difficult to observe any diversity in the color and
curvature of the two shell valves. It is probable that there is a tendency
for these species to rest more upon one side than the other, but this can-
not be so constantly the case as in Pecten Jacobaeus, otherwise, there
would be a greater, and more constant difference hetween the valves of
the shell. There are, therefore, two factors which must influence the
development of the eyes at certain points: the first is an unknown one,
by whose agency a greater development of the pigment and visual or-
gans upon the left side is produced; it is also possible that the same
factor might cause a tendency to rest upon the right side; the second
moment, which could only come into play after the action of the first,
is the advantage gained by having one side nearer the light, and more
removed from the sediment of the bottom. The best example of this
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effect is seen in Pecten Jacobacus, which always rests upon one side,
and where a maximum difference between the curvature of the shell
valves is accompanied by a maximum difference in the development
of the visual organs of the two mantle folds. But I must confess that
the apparently doubtful advantage, gained by the eyes of the upper
valve, does not seem sufficient to account for the great ascendency they
have gained over those of the other side; for, unless the upper mantle
edge, or the stalks of the eye, are sufficiently developed to carry the
latter beyond the edge of the shell, the lower mantle would receive the
more direct rays of light from above. But the eyes of the lower -mantle
have as long, if not longer, stalks than the upper ones, and project as
much beyond the edge of the shell; so we seem to be left just where we
started from; thatis, without a sufficient reason for the greater devel-
opment of the eyes npon one side than upon the other.

One finds in those species in which the eyes are especially numer-
ous, — DPecten varius, and P. opercularis, — a number of eyes, the
pupils of which are entirely covered with pigment. I
have taken especial pains to examine these organs, which could no
longer function as eyes, and have found that the retina, with its rods
and nerve fibres, is as perfectly developed, asin the most perfect eyes !

In Pecten Jacobaeus, the left side of each eye stalk in the right
valve, as well as in the left, is the longer and therefore, when the ani-
mal is in its natural position, the pu pil is directed npwards.

The stalk of the eye has been described as colorless (except by
Hexsex, who says that the stalk, as well as the eye itself, is covered
with a pigmented epithelium) ; but this is not so, for, on the upper side of
the eyes on the left valve, is a longitudinal band of pigment exactly
similar to the one over the corresponding side of the tentacles. In the
lower mantle fold, the bands are, morphologically speaking, on the op-
posite side, or on that part away from the shell. In both cases, when
the animal is in its natural position, the pigmented bands are on the
upper side of the eye stalks, and therefore towards the light.

The pigmented ring, around the apex of the eye, offers certain pe-
culiarities which have hgretofore escaped notice, or perhaps were not
thought worthy of consideration. For instance, in the eyes on the median
part of the mantle, the cells on the upper side of the iris are completely
filled with a nearly black pigment, most deeply colored at the inner
ends of the cells (Pl. 29, fig. 19). When seen »in toto¢, this portion
forms a specially dark area, continnous with the pigmented band on the

same side of the eye stalk. In these median portions of the mantle, the
Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 39
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under side of the iris has little, or no pigment, and then the red tape-
tum may easily be seen throngh the transparent epidermis, giving to the
eyes a characteristic red color. In all cases, the cells on that side of the
iris toward the light are darker, and completely filled with pigment;
on the opposite side, only the inner ends of the cells are colored.

In the young eyes of Pecten Jacobaeus and P. opercularis, the pig-
mented ring, or iris, is broader on the branchial, than on the shell side.
In the development, the pigment first appears on the branchial side and
grows around the eye. But it often happens that the closure of the ring
is not completed even in the fully formed eyes. The inecomplete closure
gives rise to a narrow, colorless fissure, the choroid fissure, appear-
ing like a triangular extension of the cornea toward the shell side of
the iris. By selecting those eyes with a large choroid fissure, one may
look through it into the eye, and study the shape of the lens and the
general features of the retina.

Since the general structure of the eye has long been so well
known, it will net be necessary to give an introductory description,
before discussing, in detail, the structure of the various parts.

The beautiful silvery, emerald, violet and purple reflections, caused
by the combined effect of the tapetum, argentea and lens, early excited
the admiration of Zoologists, and, among all the remarkable objeets
which the prying eyes of the older, or more recent Naturalists have
managed to discover, few are more beautiful, or worthy of admiration
than these. When one looks into the pupil, at an angle of about 30° to
the optic axis, the emerald and violet reflections are predominant; if, on
the other hand, one looks at an angle of 909, or direetly into the eye, the
former color disappears, and only the brilliant sparkle of the refractive
lens, or the white light of the argentea, is seen.

The tapetum, as is well known, is somewhat concave, and fur-
nishes a perfeet mirror for incident rays. But if the microscope, with
which one looks direetly into the eye, is focused upon the argentea,
the red light from the underlying tapetum may be distinctly seen, thus
indicating that, although light may enter the eye from below, very little
may pass the argentea from above. When the lens is removed, the sil-
very glance of the argentea is retained, but the violet and emerald colors
have disappeared.

The whole external surface of the eye is covered with a continuous
layer of colummar epithelium, lowest near the base of the stalk, whence
it gradually increases in height as far asjthe iris, at whose edge it is
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suddenly reduced in thickness and, losing its pigment, hecomes trans-
formed into the transparent cornea, the central part of which is the
thickest.

The corneal cells (PI. 29, fig. 31) are columnar, constricted in
the middle, and slightly expanded at either end; the onter one is capped
with a layer of cuticula, while the wall of the inner is thrown into a
number of narrow folds, which fit into corresponding indentations of the
neighboring cells. These folds extend nearly to the middle of the cell,
and end about opposite the oval nuclens. An excellent method of study-
ing these structures is either to remove the cornea as a whole by harden-
ing and subsequent maceration, or to isolate the individual cells. In
the former case (Pl. 29, fig. 37), when viewed from the inner side, the
round serrated ends of the cells may be easily seen, while, by focusing
more deeply, the nuclei, and finally the hexagonal or pentagonal outer
ends of the cells, appear. In the latter case (by maceration), besides
the inner folds of the cells, there will be seen, in the median constricted
part, a number of irregular, horizontal teeth (Pl. 29, figs. 31 and 19).
They are probably modified, longitudinal folds, which, at this point,
are broken np into irregnlar, spine-like projections, interlocking with
those of the adjacent cells. The inner ends of the longitudinal folds are
continued inwards as fine fibres, crossing the pseudo-cornea, and unit-
ing with the outer surface of the lens (Pl. 29, fig. 19). This inter-
locking of the corneal cells, which is also found — butin a less perfected
form — in the hypodermis of the eye stalk, gives greater firmness and
flexibility to the cornea, a condition necessary for the peculiar move-
ments produced by the ciliary, and other contractile fibres, which we
will describe more fully hereafter.

The cells of the iris only differ from those of the cornea, in their
greater size, and in being eompletely filled with pigment. When isol-
ated, they seem to possess the same plicated inner ends, as those of the
cornea, except that the folds assume more the character of fibres con-
tinued into the subjacent connective tissne. The outer ends are capped
with a rather thick cuticula. HENSEN (12) seemed inclined to regard them
as sense-cells, which had something to do with the optic function of the
eye. SHARP (18)held a similar opinion, ascribing to them the power of
distinguishing light from darkness, just as do the cells in the pigmented
spots and grooves in the mantle and sipho of Venus, Mactra and Solen,
while, to the complicated organ within, — the eye, — he would attri-
bute another function than that of vision. SHARP's supposition arises from
a mistaken notion of what the visual elements, in the pigmented areas

59*
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he has described, really are. It has not, in any case, been proved, that
simple, pigmented cells are sufficiently sensitive to changes in the
amount of light to cause muscular contractions (the only cevidence that
we at present possess to show that such a function is present); on the
other hand, it is extremely probable, from my observations, that the
irritability to light is only found, toa pereeptible degree, in what I
have called the isolated ommatidia.

The much deeper pigment of the iris on the side toward the light,
and the absence of nerve fibres, or isolated ommatidia, indicate that the
iris is merely a structure for the exelusion of lateral rays of light from
the retina.

The cilia, which HENSEN believed to have seen on the outer ends
of these cells, were probably ragged ends, caused by maceration or
tearing away of the cuticula, or they belonged to ciliated cells from
some other part of the mantle. since no cilia, or sense hairs are to be
found on any part of the epithelium of the eye.

The stalk itself consists of loose, connective tissue, often containing
enormous blood spaces. Besides the connective tissue forming the wall
of the lacunae, there is an upper and lower group of long, striated,
muscnlar cells, serving as erectors and depressors of the eye. They are
continued from the stalk toward the anterior pole of the eye, into the
connective tissue layer (PL. 29, fig. 19 ¢. ¢. ¢.), where, the cross striae
disappearing, they are replaced by numerous, fine, smooth fibres,
interspersed with nuclei. The fibres decrease in size and distinetness,
until, just beneath the cornea, they form an almost structureless and
hyaline layer — the pseudo-cornea, — in which nuclei are seldom
found. Beneath the iris, some of the fibres are seen to originate from the
ends of pigment cells, while, at the edge, many fibres which, up to that
point were distinetly visible, appear to terminate with an outward curve,
as though attached to the epithelium at that point, forming what we
shall call the ciliaris (PL. 29, fig. 19 ¢. .).

The lens which, as the development shows, consists of a modified
group of mesodermic cells, continuous with those of the pseudo-cornea
and connective tissue capsule, is round and biconvex, with the inner sur-
face much more curved than the outer. It consists of large, irregular,
granular eells with very distinet walls and excentric nuclei. The elon-
gated cells in the middle of the lens are the largest, the long diameter
being parallel with the optic axis. Toward the inner surface, they be-
come flattened and strap-shaped to form cells, the nuclei of which seem,
in many cases, to have entirely disappeared. On the anterior side, the
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cells are smaller, but not flattened, while, where the two surfaces of the
lens meet, they are so minute as to be distinguished only with great
diffienlty. By isolating the lens, this part is seen to projeet as a ragged
membrane, composed of fibres continuous with those of the conneetive
tissue eapsule (PI. 29, fig. 23 ¢. 7.). This membrane will be ecalled the
suspensory ligament. The outer surface of the lens is covered
with two sets of fibres, most conveniently observed in the isolated cor-
nea, or on the surface of the lens, to either of which they may remain
attached Pl. 29, fig. 37). They form a layer of strong, cireular fibres,
concentrieally arranged, and superimposed by a smaller number of ra-
diating ones extending from the periphery of the lens to the eentre, to-
ward which they gradually diminish in size. In cross sections, the
circular fibres of the lens appear as a row of dots, forming a sharp de-
markation of the outer surface of the lens (P1. 29, fig. 19 c. f. Z.).

The inner surface of the lens is sparingly supplied with branching
fibres, which in Pecten opercularis accumulate near the centre to form
a fibrous mass containing an oceasional nueleus, and connecting the
lens with the septal membrane (P1. 29, Fig. 23 7. 7.). This internal liga-
ment I have heen unable to find in Pecten Jacobaeus, where, if present
at all, it is much less developed; one may, however, observe on the sur-
face, the branching fibres which, becoming more abundant towards the
exterior, finally unite with the radiating, or circular, ones to form the
suspensory-ligament.

The lens of Pecten opercularis, being smaller than that of Pecten
Jacobaeus, is more favorable for observation, and here one may see, what
probably exists in the latter genus likewise, a special aceumulation of
eirenlar fibres to form two contractile rings, elose together on the inner
and outer surface of the lens (Pl. 29, fig. 23 o! and «?). In Pecten
pusiol, the lens is relatively small, and the inner surface less convex
on account of the enormous development of the cornea (Pl. 29, fig. 10).
In Pecten varius the high, coniecal lens is firmly attached by a connee-
tive tissue ligament to the septum, and the pupil is proportionately small.

Recent anthors have hardly been more suecessful than the earlier
ones, in determining the trne shape of the lens. Kgrerstemv (11) he-
lieved it to he spherical, while HExsexy (12), who in this respeet
is less acenrate than usual, represents it as filling the entire space in
front of the retina, and, although his own observations agree with those

t Fig. 23 represents more correctly the shape of the lens than fig. 19, where
it is not quite deep enough.
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of Kroux (3), who considered it biconvex, he cannot see sufficient rea-
son to combat the definite description and drawings of KEFERSTEIN. The
flattened appearance of the lens, drawn by HENSEN, is caused, as he
rightly supposed, by the chromic acid, since I have myself observed
that an exactly similar shape is produced by treatment with this re-
agent. A similar result also appears to have misled CarrIERE (19),
whose drawing represents exactly the effect certain reagents produce
upon the shape of the lens. Hicksox (15), swwho was surprised at the
failure of his predecessors to determine such a simple point, has
himself been equally unfortunate, for he considers the lens to be ellip-
tical, a cross seetion being circular, or equally biconvex, according as it
passes through the major, or minor axis. SHARP was led to believe, from
the researches of HENSEN and his own observations, that the lens filled
the entire space between the retina and cornea.

The soft nature of the lens renders it almost impossible to isolate
uninjured, before it is hardened; the majority of reagents destroy its
original shape, by causing violent contractions of the museular walls of
the eye. Treatment in weak sulphuric acid for twenty-four hours will
enable one to isolate the lens in its perfeet and normal condition. By
examining many specimens, some eyes will be found with large, cho-
roid fissures, throngh which the real shape of the lens may be studied
and compared with those treated in sulphuric acid.

Neither HHENSEN nor Hickson could find any membrane covering
the lens, or any fibres connected with it, although the latter described
a ligamentary support for it, ignorant of its having been already more
correctly described by Kronx, as the septum, or septal mem-
brane.

The lens is suspended in a large, blood sinus, which has been
regarded as a »vitreous humor.« CARRIERE first saw the isolated cells in
this space, and correctly interpreted them as hlood corpusecles. I am at
a loss to account for their presence there, since the retina seems to shut
out all communication with the blood cavities of the eye stalk. They
probably enter throngh the narrow spaces between the lateral branch of
the optic nerve and the surrounding connective tissue. At times, a great
many blood corpuseles are found in these spaces, while, again, they
may be entirely absent. It is possible that they are forced into the cavi-
ty artificially by the violent and unnatural contractions of the connective
tissue, caused by reagents.

The lens and the two corneas form the anterior, dioptric part of
the eye. The posterior portion consists of a thick, econcave disc, com-
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pletely enclosed within a membranous sac, which we shall eall the o m -
mateal sac. The thick, anterior, concave wall, or septal mem-
brane (Pl 29, fig. 19 s.}, serves at once to protect the ends of the
retinal cells, and as an elastie cushion, upon which the lens rests. The
inner wall is still thicker, and constitutes the tough, double-layered
sclerotica (fig. 19 se.). At the confluence of these two membranes,
the wall of the sac is much thinner, and perforated by innumerable pas-
sages for the entrance of nerve fibres from the axial branch of the optic
nerve. Within the ommateal sae, the cells constitute a closed vesicle,
whose anterior and posterior walls are so closely approximated as to
touch cach other, thus obliterating the central cavity. The wall of the
vesicle, for theoretical reasons to be hereafter enumerated, we shall con-
sider as composed of a single layer of cells, although this simple
arrangement is obseured by many changes, resulting in the division of
both anterior and posterior walls into several sccondary layers. The
posterior wall of the ommateal vesicle, then, consists of four layers:
an outer vitreous network; a double layered argentea, and the red
tapetum. The anterior wall is likewise composed of four layers: an
outer ganglionic layer; aninner ganglionic layer; the retino-
phorae, and the rods containing the retinidia.

We shall first consider the retinophorae, which constitute the
largest and most important part of the retinh. Their attenunated outer
ends, which become insensibly transformed into single nerve fibres,
are attached to the periphery of the retina, whence they are directed in-
wards towards the optic axis (fig. 19 ». 2£.). The most superficial of
these cells, after describing a long curve, bend suddenly at their ex-
panded inner ends almost at right angles, and terminate in the centre of
the retina. As the remaining cells end nearer the periphery, their ex-
panded inner extremiiies become relatively larger, longer, and less
sharply bent, until, finally, the shortest and peripheral cells describe a
nearly perfect semicirele (Pl. 29, fig. 19). A saucer-shaped layer of
cells is thus produced, whose edges are formed by the curved, fibrous
ends of the retinophorae, the large, oval nuclei of which (containing
a nuecleolus) are crowded together at the periphery of the retina. Beyond
the nuclei, the cells arc continued as slender stalks which, before
reaching the ommateal sac, throngh which they pass as a single nerve
fibre, become expanded into a delicate, oblong vesicle, containing a
second, faintly stained, and often invisible nucleus (P1. 29, figs. 34. 35
and 36 4.). The expanded, inner extremities of the cells, filled with
fine, granular protoplasm, and containing a very faint and minute
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vacuole, only conspicuous by the constancy of its presence and posi-
tion, terminate at the same level, and form a gently undulating line of
division (the pseudo-membrane, or sieve-membrane of CAr-
RIERE) between the cellular layer of the retina, and the underlying rods.
The sharpness of this line is enhanced by the fact that the flanged walls
of the inner ends of the cells unite with those of the neighboring ones.
An exceedingly small space, or canal, surrounding the inner ends of the
cells, is thus fermed.

A delieate, structureless wall separates the retinophorae from their
rods, thus tending still more to produce the impression that a mem-
brane is present. HExseN and CArriire called attention to this effect,
in order to warn against it. HEeNsEN attributed it to the fusion of the
walls of the neighboring cells, but failed, as did also CARRIERE, to see
the dividing wall. By studying a series of cross sections at the niveau
of the pseudo-membrane, some cells will be seen containing, instead of
the granular protoplasm, a thin, homogeneous partition, — the ter-
minal membrane, — the centre of which is perforated by the axial,
nerve fibre (P1. 29, fig. 26 z).

The large, abnormal folds figured by Hensex, Hickson and CAR-
RIERE, especially the two former, are produced by the contraction of the
clastic septum, which, in the living condition, is always in a state
of tension. .

Most of the retinophorae have the peculiar shape indicated in the
figures, but a comparatively small number of modified forms, which
have escaped previous observers, are mingled with them. They are re-
tinophorae containing the axial nerve fibres and the two nuclei, but
differing from the others in being reduced almost to a fibre (P1. 29,
fig. 36). They are not easily seen in sections, but may be found quite
frequently among the macerated and detached cells of the retina.

Although I have found some very long ones, which must have ter-
minated near the centre of the retina, they are most abundant near the
periphery, where they become gradually transformed into the short,
fibrous cells, without rods, which, for lack of a better name, I shall call
the pseudo-retinophorae (Pl. 29, fig. 38 ps. »f.).

The rods of the retinophorae, which are at once the most in-
teresting part of the eye, and that most difficult to understand, have
long resisted all attempts to harden them in anything like a perfect con-
dition. The only method which gives satisfactory results is treatment
in hot chromie acid as deseribed at the end of this paper.

My first studies upon the rods of Mollusca were made upon those
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of Pecten prepared in this manner, and the faets thus obtained formed
the basis of further observations in other genera of Mollusea, as well as
Arthropods.

Although the rods of Pectern have been desceribed by HENSEN,
Carriire and Hicksox, they had a very inadeqnate notion of their
strueture, or even shape, owing to the lack of proper means of prepara-
tion. They are columnar-shaped bodies of a faint, yellowish-red color,
largest near the optic axis and gradually diminishing in size toward
the periphery of the retina. They consist of a hyaline, refractive cap,
or sheath, smrrounding a pyramidal, axial core filled with a watery,
non-refractive fluid, and, a short distance from the inner ends of the
rods, terminating in a ronnded apex (P1. 29, fig. 20).

Each retinophora contains an axial nerve fibre (az. f.), which,
entering the attenuated end of the cell, is continned through the first
vesicle-like swelling (to whose wall it seems to cling), past the second
nucleus, and on, through the centre of the cell, to the inner end of
the rod, whence it issues, and, dividing into two main branches, be-
comes united by connecting loops with the axial fibres of neigh-
boring cells (fig. 20 /. az. f2.). In order to study these highly inter-
esting conditions, it is necessary to remove the rods »en masseq, and
then study their inner ends. From the dark, oval area, representing the
apex of the axial cone (Pl. 29, fig. 22) scen in optical section, arises a
large nerve fibre, which issues from one side of the rounded inner ends
of the rods, and divides into two principal branches, one of which
unites with a branch from a neighboring rod to form a »nerve loopg,
while the other, bending nearly double, passes between the rods,
there giving rise to innumerable fibrillae which surround their outer
walls. The ends of the rods are also supplied with minunte nerve fibrillae
arising from the loops, aswell as from the other branches (P1. 29, fig. 22).

Toward the inner ends of the retinophorae, the axial nerve fibre
begins to give off radiating fibrillae, which, in the rods, are so numerous
as to constitute the greater part of their substance. When perfectly
preserved, which is seldom the case, they form an almost solid core of
straight, radiating fibres, some of which, at the inner wall of the sheath,
become continuous with eireular fibres, while others are continued on,
through the sheath, to the surface of the rod, there uniting with
branches from the external nerves arising from the ganglionic layer
or from the ganglionie branch of the optic nerve (P1. 29, figs. 20 and 24).
In some preparations, the core seems to be filled with fine granules,
produced by the coagulation of the fibrillae. In others, the fibrillae are
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seen to he strongly varicose, so that, with a lower magnifying power,
the same granular effect is produced, while, with the strongest immer-
sion lens, !/ LEITz, the connection between the varicosities may be
distinguished. In the most perfect examples, the fibrillae are in the
majority of cases smooth. Another and better proof that the struectures
in question are real fibrillae, proceeding from the axial nerve, may be
obtained in the following manner. By treatment, for 18 hours, in chromic
acid, '/, or 1/;%,, a peculiar effect is produced, for, npon sections of
such material, or by teasing in dilute chromic acid, it will appear as
though the rodswere destroyed, or at least so badly distorted and broken,
as to lose all trace of their former shape. The fact is, however, that
the rods have burst, the inner ends broken off, and the contents been
forced out, or left hanging in various positions. The ragged sheaths
of the rods are usunally left attached to the ends of the retinophorae. It
is the nervous cores of the rods which interest us most, and many of
them may be found as oval, or egg-shaped masses, with one end drawn
out into a coarse fibre, either perfectly free, or showing all stages of de-
tachment from the rods; there can be, therefore, no doubt of their origin.
On closer inspection, it will be seen that the fibrous prolongation, which
is the detached, axial nerve. is continued into the centre of the mass,
and there gives rise to lateral branches, which on the periphery be-
come continnous with irregnlar, cireular ones. The relation, which these
three series of fibres bear to those of the axial core, is so evident as to
be beyond question and furnishes a proof that the nervous structure,
attributed to the rods, really exists and is not produced by the coagu-
lation of the rod substance. In osmic acid, the rods are stained a deep
blue, or black, not due to any fatty substance contained in them, as is
shown by their determined resistance to all fat solvents, but to the
innumerable nerve fibrillae, with which the entire rod is permeated.
HENSEN first saw the axial nerve fibre in the retinophorae, and was able
to follow it a short distance into the cell. His remarks lead one to be-
lieve that it was a disagreeable duty to record his observations, on ac-
count of the difficulty of bringing them into agreement with his remar-
kable theory npon the connection between sense cells and nerve fibres!
CarriEre (19), also, saw what was probably the axial nerve, but did
not consider it as such because, in focusing, it moved back and forth
(p. 106)!

Finally, a word in regard to the nuclei of the retinophorae. No one
was able to determine, among the confusion of nuclei, which of them
belonged to the retinophorac. HENSEN dces not mention the subject in
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the text, but. from his figure 95, P1. XXI, one sees that he regarded the
inner ganglionic cells as nnelei. CARRIERE, also mistook them for the
nuclei of the retinophorae while, the real nuclei, he regarded as those
of a circular ganglion, to which he attached considerable importance.
The observations of HicksoN are so poor, that it is impossible to deter-
mine exactly what he did think,

Besides the retinophorac, two other groups of cells, the inner,
and outer, ganglionic layers, are found, adding to the compli-
cation of this minute organ. The outer layer, which in its median,
thickest part is two, three, or even four cells deep, and toward the peri-
phery, gradually diminishes in thickness to a single cell layer, entircly
fills the saucer-shaped cavity formed by the retinophorae.

Although the cells show all variations in size and shape, three
types may be distinguished.

(1) The larger, outer ones, whose broad ends terminate in many
fibres which penetrate the septal membrane and unite with the superior
branch of the optic nerve. Their blunt inner ends, containing large, oval
nuclei, are drawn out into several fibres, which, with many others from
the deeper cells, extend, radiatingly, towards the inner ends of the re-
tinophorae, after erossing which, at right angles, they are continued
along the walls of the cells, to the rods (P1. 32, fig. 140 gel.).

(2) The second kind are large, irregularly shaped cells, drawn out
into several fibres, a single one, directed toward the lens, being the
largest, and dividing, just before entering the fibrous layer, into several
small branches, which are continued onwards to the ganglionic branch
of the optic nerve. The outer arms of these cells may be as fine as any
nerve fibre, or muech thicker, resembling an elongated cell ; in this case,
it terminates abruptly at the beginning of the fibrous layer, where it
breaks up into a number of fine fibres. The inner ends of the cells,
which contain large and nearly round nuelei, are drawn out into several
fibres, like those of the first type, extending towards the inner side of
the retina (P1. 29, fig. 33 4, and Pl. 32, fig. 140 get.).

(3) The cells of the third form are small and provided with numerous
nervous prolongations, one of which passes through the fibrous layer
into the outer branch of the optic nerve, while others extend inwards
towards the rods (Pl. 32, fig. 140 gct.). All these kinds of cells, which
show no very definite arrangement except that the first generally con-
stitute the outer row, are evidently modified forms of the same ele-
ments. E

At the periphery of the retina, the outer ganglionie cells are re-
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duced to a single layer, extending as far as the thin wall of the om-
mateal sac, where the fibres from the axial branch of the optic nerve
enter the retina. These cells are drawn out into two long fibres, which,
instead of penetrating the deeper parts of the retina, form an irregular
layer of superficial, circular fibres. By isolating the entire retina and ex-
amining it from above, the large, oval nuclei will be seen and the pro-
longation of the spindle-shaped cells may be followed a short distance
(Pl. 29, fig. 32 d). Toward the centre of the retina, the cells grow large
and round, until transformed into those of the outer, ganglionic layer.
The inner ganglionic layer is composed of a single row of very
small, flattened cells, which, when seen at all, were mistaken by pre-
vious writers for the nuclei of the retinophorae. This mistake is readily
made, since the small cells, almost completely filled with a flattened and
deeply stained nucleus, are squeezed flat between the walls of the retino-
phorae. The best method of studying themis by teasing macerated
eyes; the minute cells in question will then be seen closely attached to
the side of the retinophorae, — near the angle formed by their bent,
inner ends, — by means of several (6 or 7) radiating arms, which, ad-
hering closely to the wall of the cell, extend nearly parallel to each
other, towards the rods (Pl. 29, fig. 3S). On the outer side, one or two
large fibres extend towards the lens and become continued into the gang-
lionie branch of the optic nerve (P1. 32, fig. 140 ge%). Thus the enlarged,
inner ends of the retinophorae are surrounded by innumerable, longi-
tudinal fibres, which extend beyond the cells to the inner ends of the
rods, over the surface of which they form a network of fibres. One will
often be struck with the difficulty of separating these ganglionic cells
from the retinophorae, the reason being that the outgrowths of the cells
are provided with innumerable, lateral branches completely surrounding
the retinophorae with a network of closely united fibrillae, which prob-
ably penetrate the cell wall. When one has finally succeeded in isolat-
ing them, either by prolonged maceration, or by persistent tapping upon
the cover glass, many of the fibrillae will be seen still attached to the
fibrous prolongations of the cells (P1. 29, fig. 36 y). There are, more-
over, many nerves arising from the outer layer of ganglionic cells and
continued directly onwards to the rods, while others, breaking up into
numerous smaller fibres, terminate in the walls of the retinophorae. The
nerves terminate in two ways. In the first method, which rarely oceurs,
a single fibre impinges directly upon the cell wall and there divides into
several short fibrillae, connected at their distal extremities with a cir-
cular fibril enclosing the whole (P1. 29, fig. 36 ). In the second method,
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a nerve fibre, after following the cell wall for some distance, giving off at
irregular intervals smaller, lateral branches, finally becomes so minute
as to disappear. Many small nerve branches, instead of penetrating the
pseudo-membrane, unite with cach other to form anetwork of fibrillae,lodg-
ed in the circular spaces formed by the flanged walls of the retinophorac.

There are still other nerve fibres, surrounding the attenuated outer
ends of the retinophorae, which could not have originated from either
of these ganglionic layers. They probably arise from the angle of the
ganglionic nerve (P1. 29, fig. 19), and, entering the peripbery of the re~
tina, follow the general direction of the axial nerves to the inner ends
of the retinophorae, where they are lost among the other nerve fibres
from the ganglionic layers. It is well nigh impossible to follow a
single fibre any distance from its source of origin, but we can say with
certainty that most, if not all, of the large fibres from the inner gang-
lionic cells extend directly inward, over the surface of the rods, while
others, from the same cells, extend in the opposite direction to the gang-
lionic nerve. The inwardly directed fibres may terminate on the wall
of the retinophorae, or be continued beyond the psendo-membrane to the
surface of the rods. Their outwardly directed ends may vary from thick,
cell prolongations, terminating in many fine fibres, to attenuated pro-
cesses, themselves no larger than fibres, and which are then continued
outward, without branching, to the ganglionic nerve.

There are still other kinds of nerves found in the retina, which,
instead of originating from one of the layers of ganglionie cells, may arise
from the ganglionic branch of the optie nerve, and proceed directly to the
retinal layer,without the intervention of a ganglionic cell (P1. 32, fig.140).

The fibrous layer has been described by CARRIERE, as a thin layer
of nucleated, columnar cells ; HENSEN believed it was produced by shrink-
age and a consequent drawing out of the nerve fibres from the septum.

Many of the inner cells of the outer, ganglionic layer present a
most interesting and instructive sequence of forms. Their inner ends are
drawn out into several fibres, while the outer end shows all stages in
the transformation of a thick cell body into one or two nerve fibres. One
often finds parts of cells, not quite reduced to a nerve fibre,
but giving off lateral branches, which unite with the
neighboring cells (Pl. 29, fig. 33, PL 32, fig. 140 gc.4). I have
also found minute, inner, ganglionie cells, to whose surface was attached
a nerve fibre ending in a manner exactly similar to those upon the sur-
face of the retinophorae (fig. 140 z). The ganglionie layers, therefore,
contain cells in all stages of metamorphosis, from ordinary cells, to the
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most highly modified ganglionic ones. Those nerve fibres, which arise
directly from the ganglionic branch, may be considered as the inner ends
of ganglionie cells, the nucleated bodies of which in the earlier stages
have become entirely separated from the retina. The ganglionie layer
then contains cells in all stages of ganglionic perfection, and showing all
grades of union with themselves and with the real sense organs, — the
retinophorae and their rods.

Having traced all these fibres to the rods, it remains to see how
they terminate there. In cross or longitudinal sections, they are extra-
ordinarily difficult to see, but, by isolating the rods hardened in hot
chromie acid, the difficulties will be materially diminished. By the latter
method then, one may see the surface of the rods covered with longitu-
dinal fibres, from which arise innumerable, smaller branches encircling
the rods with a meshwork of fibrillae (Pl. 29, fig. 20). The larger,
longitudinal fibres, instead of growing gradually smaller toward the
inner extremity of the rod, retain their original size, and, dividing into
one or two branches, unite with each other by arched loops (Pl. 29,
fig. 22). From these external loops may arise a few minute fibrillae.
which extend over the inner end of the rod. All these fibres adhere so
firmly to the surface, that it is extremely probable the ultimate fibres
penetrate the rod and become continuous with the cross fibrillae of the
axial nerve. The latter, as we have already said, after issuing from
one side of the extremity of the rod, divides into two branches; one of
which unites with the axial nerve of the neighboring eell, or, in some
cases, passes over the end of one rod to unite with the nerve of the next;
the other, bending completely double, passes between two adjacent
rods, over the surface of which its branches are distributed.

A remarkable peculiarity will be observed by examining the inner
surface of a group of detached rods; it will there be seen that the
loops of the axial nerves are all turned in the same di-
rection. It is not improbable that some relation exists between this
fact, and the original arrangement of the two cells, by the fusion of
which the retinophorae were formed. In the very best preparations, the
most careful examination failed to discover any trace of a division in the
rods, similar to that found in those of Arca.

On the periphery of the retina, the rods are absent, and the retino-
phorae reduced to slender fibres, the nuclei of which are difficult to
distingnish from those of the inner, ganglionic layer. In fact, at this
point, the retinophorae, and the inner ganglionic cells. together with
many nerve fibres from the outer ganglionic layer, form an inextricable
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mass of interlacing fibres, whieh are less intricate near the inner surface
of the retina, where the prolongations of the first two sets of cells form
a layer of parallel fibres, directed toward the inner surface of the eye.

At the periphery of the cireular, rod-bearing area, the nuclei of the
short retinophorae are situated near the pseudo-membrane in large
vesicle-like swellings of the cell, whose narrow and rodless inner ends
are surronnded by several large fibres from the inner, ganglionic cells
(PL. 29, fig. 8S n. 7£.2). The latter, which elsewhere formed a single
row above the rods, on the periphery of the retina become more numerous,
and form, near the inner surface, several rows diffieult to distinguish
from the nuclei of the pseudo-retinophorae. It is worthy of notice that,
on the periphery of the retina, there is much less specialization of the
cells, the retinophorae being smaller, and the inner ganglionic cells
larger, than in the middle of the eye.

There are certain points in the anatomy of the retina that may be
studied to great advantage, by isolating it entire, and, after staining in
picro-carmine, examining either from above or below (Pl. 29, fig. 32).
In the former instance, one sees at the edge, first, the superficial, single
layer of outer ganglionic eells (¢); below them are the slender ends of
the retinophorae, with the inner ring of their large, deeply stained nuclei,
and the outer ring of vesicles containing the faintly stained ones (¢); the
nerve fibres continuous with the peripheral ends of the retinophorae
are seen projecting in groups beyond the edge of the retina.

Beneath the retinophorae, is a small number of scattered nuelei
contained in large spindle-shaped vesieles, filled with a mass of granu-
lar protoplasm in the centre of which is a clear space, containing an
oval, sharply stained nucleus (4). These nuclei belong to those cells which
form the transitional stages between the retinophorae and the pseudo-
retinophorae. Whether the clear space surrounding the nucleus is pro-
duced by artificial shrinkage, 1 cannot say ; it is, however, certain that
the space is invariably present, and furnishes a means by which these
cells may be easily recognized. Beneath the last layer, is a fourth,
formed by numerous, small, sharply stained nuclei belonging to the
inner ganglionic cells, and the pseudo-retinophorae. Toward the inner
surface, to examine which it is better to turn the retina on the other
side, these smaller nuclei begin to assume a circular arrangement, being
placed with their flattened sides toward the centre of theretina (¢). At the
surface, the nuclei have disappeared, and we have, instead, a delicate
memprane reaching from the edge of the retina to the beginning of the
rods, and extending completely round the retina (Pl. 29, figs. 32 and
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38 c.m.). In this manner a circular membrane — membrana cireun-
laris — is formed, composed of nearly concentrie, circular fibres, often
expanded into little knob-like swellings, which stain in haematoxylin,
and have the appearance of nuclei. It is possible that they may be the
aborted nuclei of those cells, by the fibrous transformation of which the
circular membrane was formed; but the structures in uestion were so
minute that it was impossible to arrive at any definite conclusion. The
circular membrane seems to be divided into two, nearly equal zones, of
which the inner is thicker and better defined, and terminates sharply at
the edge of the disc-shaped layer of rods; the outer zone diminishes in
completeness towards the periphery, where it gradually disappears.
The four layers just described, the outer and inner ganglionie
layers, the retinophorae, and the rods, are all modifications of a single
layer of cells forming the outer wall of the optic vesicle. Its inner wall
is likewise composed of four layers; the vitreous network, the inner
and outer argentea, and the tapetum. In each wall of the optic ves-
icle, three of the four layers are cellular, while one, formed by the rods
in one instance and the vitreous network in the other, is non-cellular.
The vitreous network is extraordinarily difficult to preserve in
its natural shape, and has, for that reason, been overlooked by previous
authors. CARRIERE (p. 104) speaks of the rods as being immersed in a
fatty substance (staining deeply in osmie acid), which extends between
the rods as far as the sieve-membrane on the one side, and is limited by
the tapetum (argentea) on the other. This fatty mass is formed by the
fusion of the sheaths of the poorly preserved rods, while what he con-
sidered as the rods are simply the axial cores. The fatty mass of
CARRIERE must not, therefore, be confounded with the vitreous net-
work, which may be regarded as a very thin layer of hyaline sub-
stance, perforated by large holes into which the inner ends of the rods
fit (Pl. 29, fig. 21). The holes, then, are as large, and have the same
hexagonal or pentagonal shape, as the inner ends of the rods; they are
separated from each other by narrow bars, provided at their points of
union with short, vertical projections, which ascend a short distance be-
tween the inner ends of the rods. — The vitreous substance, therefore,
forms a complete network, the meshes of which constitute a crown for
the inner end of each rod, completely filling the narrow space left be-
tween their rounded edges and the argentea. On the periphery of the
retina, where the rods are absent, the vitreous network is transformed
into a thin plate filled with numerous and irregular holes (P1. 29,
fig. 21 @). The vitreous network, as is indicated by its development, is
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a cuticular secretion of the outer layer of the argentea, and is ho-
mologous with the cuticular rods seereted by the retinophorae.

The argentea is formed by the modification of two cell layers into
refractive, laminated membranes, the outer being the most highly diffe-
rentiated. Each membrane is composed of minute, square plates,
whose edges are bevelled in such a manner that the outer faces are
smaller than the inner, which rest upon the undifferentiated, under sur-
face of the membrane by which all the plates are held together. In
passing inwards, the membranes become thinner, less distinet and re-
fractive, while the lamellated strueture entirely disappears. '

In sections, the retina is usually separated by a considerable space
from the two, folded layers of the argentea, which, in the living con-
dition, is perfectly smooth and concave; its thicker outer layer, in the
adult condition, never contains nuclei, although one or two may oceasion-
ally be found in the inner, less refractive and less differentiated one.
The argentea is thicker in the centre of the eye, whence it gradually
diminishes to a thin layer, extending to the periphery of the retina, and
terminating at the place where the fibres from the axial branch of the optic
nerve enter the ommateal sac. In the outer membranes of the argentea,
the spaces separating the squares from each other are not superimposed,
but arranged so as tofall above the middle of the underlying squares
(P1. 29, tig. 29). In the inner membrane, where the square plates are
either extremely thin, or entirely absent, it is impossible to recognize
this arrangement. When the argentea is »in situe, it reflects a soft,
silvery light, like that from a highly polished mirror; the refraction of
this light by the crystal-like lens gives rise to the well known, emerald
and violet colors first seen and described by Pori. By removal of the
lens, these colors disappear and we have instead the silvery light of the
argentea and the colorless light from the lens. The iridescence produ-
ced by the lens, or argentea, depends greatly upon the condition of the
animal, and the position of the eye as regards the light. The emerald
and violet reflections are often entirely absent. The isolated argentea
appears, by reflected light, like plates of polished silver. The trans-
mitted light is differently refracted in various parts, producing red,
orange, yellow, blue and purple lights. The optical properties of the
argentea are not easily understood, but it appears that in general, while
acting as a perfect reflector for incident rays passing through the lens,
it offers no great impediment to the entrance of light into the retina, after
passing through the colorless eye-stalk and red tapetum.

Although the septum, sclerotica and tapetum stain deeply in hae-

Mittheilungen a, d. Zoolog, Station zu Neapel, Bd, VI, 40
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matoxylin, the argentea never, to my knowledge, absorbs coloring
matter. Kroun first deseribed the argentea of Pecten, and aseribed to
it the luminous appearanee of these eyes. WiLL appeared to confonnd
it with the tapetum. HENSEN seems to have seen the minute, square
plates of the membranes, for he mentions the »Stiibehenformige Mole-
cule«, whieh he is inelined to regard as eells. Hicksox saw the play
of color produced by the argentea, which he considered gave the eyes
their »beantiful metallic lustrec. The argentea is formed aceording to
him »of a great number of fine fibrils crossing at right an-
gles« CARRIERE states that, »Das Tapetum lueidum besteht ans feinen
Fasern. welche alle in derselben Riehtung verlaufen, und zwar, gleich
den Seitennerven innerhalb des Auges, quer (senkreeht) zu der Ober-
fliiche des Mantels«.

The tapetum, the red pigment layer of previons writers, usnally
consists of a single layer of eells, decreasing in thickness from the axial
part of the eye toward the periphery, and terminating, with the argentea,
at the entranee of the fibres from the axial branch of the optic nerve
into the retina. The eells are large, many-sided bodies filled with
eoarse, red pigment granules, in the midst of which is a round, or oval,
vesicle-like nneleus eontaining, in a elear fluid, two or three deeply
stained and irregularly shaped granules, or nueleoli. The red color is
preserved exeellently well in hot sublimate, while it is dissolved or
destroyed in aleohol, or in combinations of pierie or chromie aeid.

The tapetum forms one of the most eonspicuous objects in the eye,
and, for that reason, has long been known. It was first deseribed by
Kronn, but Hexsex was the first to discover its eellular nature. Hick-
SON was subsequently unable to confirm HENSEN’S observations, and came
to the coneclusion that »the pigment contains no cellularele-
ments at alldd CARRIERE has eorreetly deseribed and figured the tape-
tum, which lie erroneously considers to he a continuation of the nu-
cleated septum. It must be considered, however, as continuous with
the retina, and homologous with the outer ganglionic eells, as we shall
explain more fully in treating the development of the eye; (see diagram,
P1. 32, figs. 151—152). Aeireumstance, which Ieannot regard as aceiden-
tal, is that, in the eyes of all the speeies of Pecten examined, the tapetum
is not surrounded hy pigment, but is exposed to the light from below.
The iris always extends as far inwards as the outer edge of the tapetum,
and there abruptly terminates. On the shell side, the iris, as has already
heen deseribed, extends much further towards the mantle, and forms a
narrow, pigmented band on that side of the stalk. We have failed to
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form any conclusion, as to what this apparently intentional exposure of
the red pigment to the light, signifies.

The optie vesiele, with its eight layers. is contained in the omma-
teal sac. The anterior wall, the se ptum of Kroux, forms a stout and
elastic cushion or spring, upon which the lens rests. The septum is
formed of a double membranc; the thickened and structureless central
part of the outer layer, a little to one side of the optic axis, is perforated
by the ganglionie nerve branch (tig. 19); the peripheral part of the sep-
tum, gradually diminishing in thickness toward the edge of the omma-
teal sac, consists of numerous connective tissue cells modified into
cireular fibres. The nuelei of the cells are extremely difficult to find in
the adult condition, on account of their minute size, and flattened shape.
They are most easily seen in surface preparations of the membrane,
which may be isolated without special difficulty. In young eyes, the
nuclei of the septal membrane may be easily seen (fig. 10). The sheath
of the ganglionic branch — according to HENSEN — fuses with the septal
membrane; but my own observations indicate that it terminates when
the nerve leaves the connective tissue and enters the blood spaces sur-
rounding the lens. The inner membrane of the septum is uniformly
thin and structureless. The ganglionic branch forms a disc-like expan-
sion upon its outer surface, over which the nerve fibres radiate in all
directions. Toward the periphery, the nerve dise is so thin that the two
membranes become closely united, and finally fuse with each other.

One may easilyisolate this inner membrane, together with the dise-
like end of the ganglionic nerve. It may then be seen that the outer
surface of the membrane is smooth, but that the inner one is covered
with the ends of the nerves which have penetrated the membrane.
CARRIERE has attempted to show that the tapetum is continuous with the
septum, to which he aseribes a cellular nature. The real nuclei of the
septum, he did not see, for it is evident, from his figure 80, thatwhat he
considers to be the septum is composed of the septal membrane together
with the single layer of cells formed by the continuation toward the
periphery of the onter ganglionie layer!

The sclerotica, or inner wall of the ommateal sac, consists of
a tough, hyaline, connective tissue membrane, thickest in the median
parts opposite the pupil, whenee it is continuned, gradually decreasing
in thickness, to the periphery of the retina, there becoming continnous
with the septal membrane. The sclerotica has always been des-
cribed as a single layer. According to my own observations it is formed
of two layers, the inner of which is marked with short parallel eross

40%
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lines; the thick, outer one consists of faint longitudinal fibres, the super-
ficial ones of whieh may contain a few nuelei (Pl. 30, fig. 39 . It has
only been in three or four instances that the cross markings have been
observed, but they were then seen so distinetly that there can be no
doubt that such a structure was present. These lines produce the effect
of plates of alternating density, rather than of fibres. This structure of
the sclerotica seems to be best preserved by treatment with chromie acid,
1, 9/, for 24 hours. The sections must be examined in water, or some
other medium with a low refractive index. The sclerotica has heen eon-
sidered to be continuous with the pseudo-cornea, by means of the eon-
nective tissue layer beneath the iris. The two latter struetures are,
however, merely continuations of the contractile tissne of the stalk into
the anterior pole of the eye, while the sclerotica is directly continued
into the septal membrane.

The optie nerve arises from the eircumpallial nerve, and, after
extending throngh the centre of the stalk, divides into two, nearly equal
branches, of which the basal one abuts against the sclerotica, a short
distance on the shell side of the optic axis, and then. losing its sheath,
divides into many bundles of free nerve fibres, whieh, clinging closely
to the sclerotica, aseend radiatingly towards the periphery of the retina,
where they penetrate, in quite distinet groups, the ommateal membrane,
and become continnous with the attenuated ends of the retinophorae,
through the centre of which they are extended as axial nerve fibres.
The basal, or axial branch of the optic nerve, therefore, consists
entirely of the axial nerve fibres of the retinophorae. The division of
the optic nerve takes place in a planc at right angles to that of the
mantle. The lateral, or ganglionic branch, produeed by this division,
ascends toward the shell side of the retina, over which it is bent at
nearly right angles, and is eontinned over the surface of the septum,
the thick outer layer of which it penctrates just below the inner surface
of the lens. After passing both layers of the septum, in the manner
already deseribed, its fibres either unite with the ganglionie layers, or
pass between their cells to the surface of the rods. In the fibrous layer,
two kinds of fibres may be distinguished, the most numerous are ex-
tremely fine, and arise from the outer ends of the oblong ganglionic
cells: the larger and less numerons ones are the single prolongations
of the more deeply sitnated ganglionie cells of the outer layer. Even
in the dise-like expansion of the ganglionic nerve branch, one may see
both kinds of fibres, and follow them a short distanee into the more
compact part of the nerve. That the sheath of the ganglionic branch is
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lost, before entering the hlood spaces swrrounding the lens, is shown by
the fact that, as it hends inwards, it gives off numerous radiating fibres
from its outer surface. which enter the periphery of the retina,
without passing through the thickened central part of the septum. They
are the fibres which surround the narrow outer ends of the retinophorae,
and of whieh we have already spoken.

The optic nerve and the proximal parts of its two branches are
surronnded by a delicate sheath, beneath which is a cortical, nueleated
layer surrounding the central fibrous axis. The connective tissue of the
stalk contains several large blood sinuses. The numerous radiating
arms of the connective tissue cells, at the periphery of the stalk, become
more regularly arranged, and constitute a system of cirenlar and longi-
tndinal muscular fibres. The latter, on the branchial and shell side of
the stalk, form two, quite well defined groups of large, striated
museunlar fibres. Toward the base of the eye, are large, scattered, gang-
lionie cells, drawn out into several fibres, and filled with granular pro-
toplasm (PlL. 29, fig. 19).

Besides the tissnes already mentioned, there are numerous long and
refractive fibres, whieh arise from the mass of fibres at the periphery
of the stalk, and, econverging toward the base of the eye. penetrate the
selerotica and the superimposed layers, as far as the inner ends of the
rods. Inthe stalk they are easily seen as single, seldom branched, wavy
fibres, whieh, in the selerotica, expand into refractive, spindle-shaped
hodies, — often of a very faint pink color,— and are then continued still
further inward. either as single fibres, or divided into several branches.
These remarkable fibres, concerning whose origin and formation no
very satisfactory explanation ean be given, — see PIL. 32, figs. 151 and
152 — are as difficult to preserve, especially the ends with the spindle-
shaped swellings, as the two layers of the sclerotica, and, like them,
their preservation depends upon conditions, which T was neither able
to understand nor control. In suceessful preparations, the number of
the spindles seems to vary considerably; in one instance, in which
they were preserved with remarkable clearness, I could only eount
three or four in each section: in other cases, as many as fifty or sixty
could be seen.

Development of the Eyes of Pecten.

The following observations concerning the development of the eyes
of Pecten were made upon young specimens, from 1--3 mm. long, of
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Pecten opercularis. Other species, as P. pusio, P. varius, P. flexuosus,
P. inflexus and P. testae, were also studied, but, in all except P. pusio,
the differences were unappreciable.

The following description, with the exception of one or two remarks
concerning P. pusio, refers entirely to P. opercularis.

The mantle edge of yonng Pectenshas the three characteristic folds
well developed. In the adult, these folds are enlarged and complicated
by the presence of secondary ones, and several rows of tentacles. The
walls of both the ophthalmic and shell folds are specially thickened,
and ciliated on the shéll side. The former, in 2. opercularis, is short
and thiek, its free extremity being divided into two thick-walled and
ciliated lobes: in P. pusio it is unequally forked, the onter division
being much longer and thicker than the inner.

The pigment in the youngest specimens, 1 mm long, is entirely con-
fined to the eye spots. In larger ones of 2 mm, the velum is covered
with light yellow or red blotches, in which are many large, scattered
ommatidia, usually single, but often united into pairs. They form ir-
regular black spots, consisting of several darkly pigmented cells sur-
rounding a central colorless one. These isolated ommatidia are larger
and more conspicuous than any I have ever seen. In the adult, they are
less prominent and may disappear entirely. Between the base of the
ophthalmic fold and the velum is a narrow pigmented band, extending
the whole length of the mantle, and, at places, deepened into longitu-
dinal grooves, from the bottom of which are often developed the hypo-
dermic thickenings, whieh constitute the rudiments of the eye. The thin
branchial wall of the ophthalmie fold, usnally colorless, with here and
there a minute, yet black pigmented pit (fig. 2 ),is seldom provided with
cilia, which are principally confined to the two thickened, terminal lobes
and the opposite face of the fold. The pigmented pits consist of minute,
deeply pigmented cups, sharply circumseribed, and not to be confounded
with simple, irregularly shaped pigment spots upon the level surface of
the ophthalmic fold. Not more than three or four cells, completely filled
with black pigment, take part in the formation of these pits, which, in
their position and general appearance, reeall the invaginated eyes of
Arca. The colorless eells, so universally present in the latter, could not
be detected; but in spite of their absence (probably due to having cs-
caped notice on account of their minute size and the difficulties of ob-
servation), I consider that these transitory pigmented cups
are homologous with the invaginated eyes of Arce

In cross sections of the very youngest specimens (1 mm long), may
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be seen, at the base of the ophthahnie fold, between it and the velum,
a few large eells constituting small oval thickenings, the rudiments of a
future eye (fig. 1S)1.

The cells of the thickening are large and eolumnar, striated at the
outer extremities, while at the inner end they are clearer and bounded
by faint lines. Instead of terminating in a sharply defined boundary, the
protoplasm is often drawn out into many amoeboid-like arms, in the
larger of which are nuelei. The boundaries between the cclls are very
faint and often invisible. The cilia, which arc usnally confined to the
apical lobes (fig. 2), in this case extend over the optie thickening
(fig. 18). On the outer edge of the rudimentary eye (that iy away
from the hinge), the nuclei are smaller and show a tendeney to form a
double row. In the next stage (fig. 14), an increased development is indi-
cated by the greater number of nuclei on the outer side of the thickening,
and their tendency to form several rows. They are likewise smaller than
those forming a single layer on the opposite side. In this example also,
the cilia have extended over the optic thickening, but they are fewer
and smaller and appear to be degenerating. Both figs. 14 and 18 ave
sections of larvae, 1 mm long, in which no pigment was developed.
In these young specimens, the absence of anything like a basal
membrane, and the manner in which the inner ends of the cells are
drawn out into naked, protoplasmie, amoeboid arms, some of which
contain nueclei, is worthy of notice.

By continued proliferation of the cells on the outer side of the
optie thickening, an cval, knob-like papilla is formed, the long diameter
of which is parallel with the optie tract (fig. 11).

The optic tract is now pigmented, as well as the base of the pa-
pillae at whose snmmit (fig. 11) the pigment is absent. The wall of the
thickening hecomes better defined and consists of a single row of regu-
larly arranged nuclei, except on the onter side where the proliferation
to form the hypodermic core continues, thus, at that point, prevent-
ing the formation of any sharp line of demarkation between the super-
ficial bhypodermis and the underlying cells. The difference in the
manner of division hetween the cells of the upper and lower side of the
optic papilla gives rigse to a change in form and direction of growth.
At the point Z.y. fig. 11, the plane of divigion is parallel to a tangent
at the surface, and therefore the cells grow inwards to form the core.

1 For the sake of convenience in the following description, we shall speak of
the pigmented band, from which all the eyes originate, as the »optic tract«
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On the inner side, the plane of division is at right angles to the tangent,
and consequently the hypodermis at that point increases in extent, but
remains single layered. This caunses an elongation, and flattening of the
papilla, the proliferating point, /y. assuming a position more and more
on the outer side. At first the hypodermie eore is not at all sharply de-
fined; several of the more deeply situated cells (figs. 11, 12 and 16
separate from the rest and mingle with the numerous connective tissue
cells, from which they finally become indistinguishable. They are the
ganglionic cells, which later provide the eye with nerve
fibres. The division of the cells, on the outer side of the papilla, soon
ceases, and the solid core of deeply stained nuclei hecomes surrounded
by a well defined, single layer of hypodermis, containing dark, homo-
geneously stained nuelei(figs. 12 and 16). Several conneetive tissue eells
have grown, by rapid divison, between the hypodermis and the core,
around which they form a single layered capsule of cells loosely con-
nected by means of protoplasmic outgrowths. The nuclei are distin-
guished from those of the hypodermis by containing a clear, faintly
stainable fluid, in which are several minute and intensely stained
bodies. often collected into a flattened plate in the centre of the nucleus.
Up to a late period in the development, these characteristics serve to
distinguish the connective tissue cells from those of the hypodermis. At
the base of the core are several large ganglionic cells, one of which is
represented in fig. 12. After the core has been entirely separated from
the hypodermis and enclosed within the connective tissue capsule, the
whole papilla becomes elongated and somewhat flattened, while a dise-
shaped cavity appears in the centre of the core, transforming it into
the optie vesicle, the equally thick anterior and posterior walls of
which, at first, consist of a single layer of cells. An inequality in the
two walls soon appears, in that the nuelei of the outer, retain their radial
arrangement, while those of the inner become tangentially disposed, at
the same time forming a double layer of lighter colored nuclei (fig. 4).
The outer layer of the optie vesicle develops into the retina, while the
two inner ones give rise to the argentea, ¢g, and tapetum, 7a.

The cavity of the vesicle. which becomes more and more flattened,
in the earlier stages appears to be filled with a clear flaid, through which
delicate, protoplasmic filaments pass from the inner to the outer wall.

In the following stages, the posterior wall becomes more sharply
defined , and here, for the first time, the cells of the optic vesicle are
provided with distinet cell walls (fig. 5). The outer row of cells. ag!
and ag?, becomes filled with refractive, yellowish green granules, some
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of which soon lose their color. and, at the outer Surfaee of the cells, as-
sume a regular arrangement in layers. With their loss of color and further
development. the granules hecome more refraetive and flattened, until
they finally unite to form the membranes of square plates, so charac-
teristic of the argentea in the adult. By the overlapping of the cells(fig. 5),
the argentea is soon converted into a distinet double layer, of which the
outer cells beecome most quiekly transformed into the refleeting mem-
brane . while the inner retain for a long time their nucleated, proto-
plasmie strueture.

The retinal layer (fig. 5, ) inereases in thiekness, and its large,
deeply stained. oval nuelei, eontaining numerous dark granules, heeome
two or three layers deep: at the same time a slight indentation on the
outer surface indicates the heginning of the sauncer-shaped depression
of the retina whicl, in the adult, is lined with the outer ganglionie eells.
An extremely delicate struetureless membrane forms the houndary of
this depression and furnishes the first traee of the septum (fig. 5, s.
Just above the latter, the nuelei of four eonneetive tissue eclls are col-
lected. being the first step toward the formation of the lens. The further
development of the retina is accomplished by an inerease in the depth
of the central depression, below whieh the outer ganglionie layer
beeomes established Dy the arrangement of the nuelei in a single layer,
and the appearanee of the cell walls. The nuclei, on the thiekened
periphery of the retinal layer, are still charaeterised by being more
deeply stained, and arranged three or four deep. As these changes
become more and more marked, the retina divides into three zones.
consisting of the fibrous (fig. 17 »), the ganglionie (), and the retinophorie
layer (n.7f.). The fibrous layeris first seen heneath the septum, as a elear
area, whieh gradunally inereases in width, until it has reached the con-
dition represented in fig. 17. The ganglionie cells, whieh in the earlier
stages we have seen separated from the hypodermie eore, can no longer
be distinguished: but, from the tissue of the ophthalmie fold arise nume-
rous, varicose, nerve fibres which, reaching the eye, penetrate the wall
of the optic vesicle, where they divide into numerous branehes. These
nerve fibres are the remmants of the outer ends of ganglionie cells,
which — after the withdrawal of theirnuclei and cell bodies from theeye
into the underlying tissue — still remain united with the retina by a long
nerve fibre, the end of whieh indicates, approximately, the original posi-
tion of the ganglionic eells (figs. 4 and 5 n. £.). With the development
of the retina these fibres increase in number and assume a more parallel
arrangement. Whereas at first the fibres seemed to terminate indefin-
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itely in the retinal layer, they now appear to end abruptly in the drawn-
out ends of the ganglionie cells. Besides the nerves, the fibrous layer
also contains numerous, minute and deeply stained particles, whieli, in
the later stages, disappear entirely (fig. 17 . £.). The middle, or
ganglionie layer is formed of a single row of large. round nuelei, whose
cells are filled with eoarse, granular protoplasm. The periphery of the
retina is filled with several rows of nuelei, imbedded in a clear proto-
plasm, a part of which gradually grows toward the centre of the eye,
and forms a clear, narrow band beneath the ganglionie layer (fig. 17).

The lens has inereased somewhat in size (eompare figs. 5 and 17)
and hegins to show traces of its future shape; at its periphery, it still
passes insensibly into the thin layer of conneetive tissue cellg, surround-
ing the optie vesicle.

The epithelinm of the eye eonsists of a thin layer of cells, the
nuelei of which are widely separated. The greenish yellow pigment
granules, which at first were only present around the hase of the eye,
have eneroached upon the anterior pole, around which they form a deeply
pigmented and nearly eomplete ring, the iris. The anterior pole re-
mains eolorless and forms the cornea. The iris is best developed upon
the branchial side of the eye; on the opposite side only traces of pig-
ment are to be found.

The tapetum forms a single layer, filled with red pigment, be-
fore the pigment of the iris has appeared. The cells first become
filled with coarse, eolorless and refractive granunles, which
soon aequire the charaeteristie red color of the tapetum.

The nuelei of the retinophorae, whieh at first form a thickened
ring around the retina, gradually grow inwards towards the eentre of
the eye. It is not till quite late in the development, after the appearance
of the rods, that the eell walls, eontaining the nuclei, become visible.

To determine the exaet manner in whiech the rods develope, is an
extremely difficult problem. Although my seetions of that stage were
most numerous and perfect, I was unable to come to any satisfactory
eonclusion as regards their origin. The elear space, represented in
fig. 17, y, inereased in thiekness up to a eertain point and then the faint
outlines of the rods, together with the pseudo-membrane, suddenly
appeared, only a little less distinetly than those of fig. 10. The only
difference, between the rods when first seen and those of the adult, was
in the large size of the axial eore of the former, and the extremely
thin shell, or sheath, scarcely visible except at the tips of the rods.
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As soon as the latter could be clearly distingnished, they were scen to
contain an axial nerve fibre.

The changes, by which an eye as complete as that represented in
fig. 17 is transformed into the adult condition, are of no great morpho-
logical value. and are easily comprehensible without the use of figures.
The lens inereases in size, while hetween it and the cornea, the pseudo-
cornea is formed by an ingrowth of connective tissne. The inereasing
convexity of the lens eauses a space to be formed between it and the
retina. The nueleated septal membrane is produced by the flattening
and elongation of the conncetive tissue cells beneath the lens. The
fibrous layer hecomes more sharply defined, while the small deeply
stained bodies (fig. 17 y) disappear.

The ganglionic cells increase in number, fig. 10, and form a double
layer, from the periphery of which several small cells subsequently
become separated and attach themselves to the ingrowing retinophorae
(fig. 10,d. c. c.). In this manner, the two layers of ganglionie cells be-
come definitely established.

The argentea undergoes no great change after the condition
represented in fig. 17. The nuclei simply deerease in size until they
finally disappear, with the exception of those of the inner layer where,
in the adult condition, one or two aborted nuclei may rarely be ob-
served.

With the appearance of the rods, a fourth layer, the vitreous
network, is produeed, either by a secretion, or transformation of the
outer argentea. The vitreous network, in contrast with its subsequent
condition, forms a thick homogeneous and structureless layer (fig. 10,7).
The innumerable, isolated fibres, which even in the earlier stages
innervated the eye (fig. 4 and 5), subsequently unite to form a single,
loose bundle of nerve fibres, the primitive optiec nerve, which
later divides into the more sharply circumseribed, axial branches of the
definite optic nerve. All the nerve fibres supplying the optie vesicle
are not collected to form the optic nerve, for many (fig. 10, z), terminat-
mg in the base of the vesicle, retain their primitive arrangement and
appear to penetrate the sclerotica, tapetum and argentea, as far as the
rods. Mostof these fibres, in'the opposite direction, are turned toward the
shell side of the stalk, where they become loosely united with each other
and connected with the ganglionie swelling of the circumpallial nerve
from which the optic nerve originates (fig. 10, cp.n.). Even in the fully
grown animals. these nerves, already deseribed, may he seen as rather
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large, refractive, wavy fibres, which appear to have lost (?) their ner-
vous funetion.

The circumpallial nerve contains as many ganglionic swellings
as there are optic nerves. In many, if not all, of these ganglia, there
is a peecunliar infolding dividing them into halves (fig. 10, ¢p. 2.).

The free edge of the ophthalmic fold contains at regular intervals,
large ova-like cells, which may Dhe seen in preparations of the whole
mantle edge, as well as in section (figs. 2 and 7). Iam unable to offer
any suggestion as to their signification.

In the neighborhood of the hinge, the branchial wall of the mantle
of younger specimens is thrown into a variety of thick ciliated folds, the
nuclei of which are, in most cases, several rows deep (figs. 1 and 9).
The ounter of these folds is occasionally thinner and more protuberant
than the others. Itis likewise characterized by its innumerable eilia, so
closely packed and equal in length that they appear more like a striated
protoplasmic layer, than cilia; they also form little tufts or groups over
each flattened cell (fig. 1). In some cases, one of the folds becomes
especially enlarged at its extremity, the walls thickening to form a
kidney-shaped body with a great many small, deeply stained nuelei
(fig. 15). The surface is covered with a cuticula provided with minute
papillae, from each one of which originates an enormously long cilium
eontinued through the cuticula into the elear cortical layer (fig. 15,7 .
Toward the hinge, the ophthalmice fold may nndergo a similar ehange.
in that both its walls become greatly thickened and filled with several
rows of small nuelei (fig. 13); in this instance, however, the cilia are
absent. The tentacles are usually developed between the eye and the
velum, but towards the later stages, it often happens that they may ori-
ginate at the base of the ophthalmie fold, between it and the eye (fig. 7).

While in Trieste, I partially prepared a paper upon the sense
hair papillae of Mollusea. the publication of which was delayed with
the hope of finishing certain observations, not as complete as T de-
sired. While studying the development of the eyes of Pecten, my atten-
tion was attracted by certain facts, concerning the origin of the tenta-
cular nerves and the sense papillac, which promised to throw light
upon the origin of the optic nerves. It was also necessary, for other
reasons, that a comparison should be made hetween the development
of the eyes, and that of the tentacles, in order to determine the relation
between the two structures, and to see whether, as has been suggested,
the eyes are modified tentacles or not.

The following remarks, coneerning the origin of the sense papillae,
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do not properly belong here, and therefore only enough will be said to
serve for eomparison between the development of these fibres and those
of the eye. A more detailed aceount of the sense hair papillae and
their origin will be reserved for a future paper.

The sense hair papillae may originate at any place along the outer
surfaee of the velum, or along the optie traet. They appear, at first, as
thiekenings of the hypodermis — similar to those of the eyes — which
soon become conieal, with a tuft of stiff sense hairs at the apex (fig. 6).
Theinward proliferation of the cells, atthat point, gives
risetoan ectodermieeore,whiechbecomestransformedinto
a longitudinal nerve with which every tentacle is pro-
vided. As the papillae increase in length, tufts of semnse hairs are
formed on the sides, each eonneected with one or two ganglionie eells
fig. 6). In those papillae, on the surface of the velum (fig. 8),which do
not develop into tentacles, no nerve is formed; but two or three cells are
separated from the summit of the papilla, and wander into the under-
lying tissue, there forming ganglionie eells, the nerve-like ends of which
may terminate in a small number of sense hairs; or, if the cells are
more highly specialized, the sense hairs may be absent, and the terminal
fibres divided into numerous fibrillae, which supply the adjacent cells.

Many of the papillae are deeply piginented; others on the contrary
may be entirely colorless.

Ostrea.

I have not been able to find, in this genus, the eyes referred to by
WiLL and others, and, since more recent authors have been equally
unsuecessful, we must, I think, believe that he was either mistaken, or
examined some other species.

Besides the pigment seattered irregularly over the surface, T have
observed, beneath the epidermis, a great many pigment balls (from .01
to .005 mm in diameter) smaller than, but similar to, those of Cardium.
The tentacles are nearly pigmentless and eiliated. The hypodermis at
the extremities, is thickened and supports a number of sense hairs;
this is also the case with Muctra. In the pigmented areas, the same
colorless cells, as in Arce, are seen surrounded by pigmented ones, and
undoubtedly represent scattered ommatidia.

I can confirm the statement of SHarp, that Ostreq is sensitive to
changes in the intensity of light. He has sectioned the pigmented areas
and finds two kinds of eells, pigmented and colorless ones, which he
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compares to those found by FRAISSE in Pafella, and believes, with him,
that the latter secrete the cuticula, while the former are those sensitive
to light.

Mactra.

The extremity of the sipho of Mactre stultorum is provided with a
number of oval pigmented areas, varying in color from madder hrown
to dark purple, or even jet black; some, usually the darkest ones, are
placed at the base of the tentacle, others, similar in shape, but lighter
colored, are to be found on the free edge of the sipho. In the latter
case, the pigment eells are arranged in small groups, in the centre of
which is a clear, refractive spot. At the base of the tentacles, the cells
are too deeply colored to admit of such a clear view. In the latter in-
stance, it appears as though the pigment was deposited beneath the
surface, but, unfortunately, the superficial examination that I gave
them will not allow me to make any positive statement: I, however.
believe that the elusters of pigmented cells, in the centre of which were
the clear refractive points, are the same structures we have seen in
Area, that is ommatidia, eomposed of pigmented cover cells sur-
rounding a central colorless one.

In Mactra helvetica, the pigmented areas are less numerous but
apparently more highly specialized.

SuARP has examined Meactra solidissima and found the same sensi-
tiveness to light and shadow, as in other genera with whieh he has ex-
perimented. I have tested Mactra stultorum and Mactre helvetica, in
the same manner, and found that they also have this sensitiveness
to a marked degree. His statement that the pigment cells tend to form
shallow grooves at the base of the tentacles, T am neither able to
confirm nor refute.] having never studied them by means of sections, as
he has done.

Pinna.

The bodies on the mantle of Pinne, first described by WILL as eyes,
have in more recent times heen supposed to possess some other funetion
than that of vision. That they have the general shape and appearance
described by WiLL, can easily be seen on superficial examination. The
slit-like fold, which he considers to form a kind of iris, is caused hy
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muscular contraction of the mantle, and may, or may not he present.
CARRIERE, after an examination by means of sections, concludes that
the organs in question are not eyes, but peculiar glands.

Toward the expiration of the time at my disposal for the pre-
paration of this paper, I was enabled to examine hastily some mace-
rated preparations, and found the eyes (?) composed of an immense
number of conical cells, expanded at the outer extremity and drawn
out to a point at the inner; they were filled with a mass of refractive,
closely packed, globules, — whieh, indeed, gave them the appearance
of gland cells. — and were smrrounded by narrow, ciliated cells, occa-
sionally faintly colored at their expanded outer ends. Upon the external
surface, the large cells were often provided with several, longitudinal
fibres, whieh appeared like the nerve fibres seen in the retinophorae of
Area, but I could not decide whether they really were so or not. These
organs present several peculiarities which render a more accurate study
of them highly desirable. Their position on the edge of the mantle,
and their hemispherical shape, show, at first sight, considerable resem-
blance to the faceted eyes of Arca, to whose retinophorae and cover
cells, the large colorless cells, drawn out to a point at their inner ends
and surrounded by smaller ciliated ones, might be compared. The ab-
sence of pigment does not offer any serious difficulty, and, if it conld
be shown that the innervation and composition of the large cells was
the same as in the retinophorae of the faceted eye of Arca, we should
be obliged to consider these problematical organs of Pumna as eyes,
rather than glands. It seems, however, that in the absence of such
observations, the question must for the present be left open. That
Pinna has some organs of vision, is shown by the same simple experi-
ments as have been tried upon other Mollusca; but whether the seat of
this sensitiveness to light lies in the so-called eyes of WiLL, or in the
masses of dark pigment so abundant upon the edge of the mantle, is
of course difficult to decide.

Avicula.

Avicula was examined very hastily, just before sending the proof
sheets to the printer. It is extraordinarily sensitive to changes in the
amount of light, the least shadow causing it to close the shell quickly,
and with such force as to indicate that even this slight change aects
as a considerable irritant. The simple, diffuse ommatidia, the only
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visual organs present, are seusitive to the difference in light pro-
duced by holding such a small objeet as a pencil between them and the
window. Even a shadow, so faint as to be imperceptible to the ex-
perimentor, caused the immediate contraction of the mantle. The ex-
periment is so simple, and the result so evident, that there is no
possibility of a mistake in observation. This special case was of unusnal ’
interest to me, for here the simplest kind of eye known is accompanied
by a sensitiveness to light and shade, not exceeded even in Aica, s0
lavishly supplied with much more perfeet visual organs. We are here
led to suspeet the presence of some other factor which must, when
known, account for the apparent agreement in functional powers be-
tween two organs so widely different in structure. Let usg suppose a
number of animals with equally perfect eyes, having the same struc-
tural perfection and funectional powers, then, every thing else heing
equnal, the same irritant would produce the same effeet npon them all.
But let us suppose that, after generations of existence under varying
circumstances, the eyes remained stationary; then it would be
found that the same cause would no longer produce the same effect.
We may suppose that the results would be varied by the following
factors.

1. By an inherited association of a sudden change in the amount
of light with some danger, to eseape which the animal must close its
shell. Such an instinet would easily he aequired by Molluses preyed
upon by other animals, as ¢. g. Paguridae that are very expert in ex-
tracting animals from the shell by means of their peeuliar shaped claws.
Danger, in the shape of an approaching crab, would, like all other
coming events, cast its shadow before, and the watehful Molluse, that
was fortunate enough to close its shell in time, would have the chance
of transmitting to its descendants a tendency to be extremely sensitive
to any slight change in the amount of light.

2. The results will be alike in hoth the following cases; (a) if
there has heen no such association between a difference in light and
some impending danger; or (b) if by frequent repetition, the animal
has become accustomed to the ehanges in the amount of light. In
either case an ordinary shadow would not canse muscular eon-
tractions.

3. It is supposable that the same image will produce the same
effeet in two equivalent visnal organs, but the cffect may be trans-
mitted to a nerve centre with different degrees of intensity, so that
entirely different perceptions will be the result.
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These suppositions, whieh have been merely outlined, so run into
each other that they allow the interpolation of subdivisions, and a much
more extended treatment; this will, however, suffiee for my purpose,
for it enables me to arrive at an important conelusion of practieal value:
if, for certain reasons, the same combination of light vibrations, acting
upon the same visual elements, produees different perceptions, or
different inteusity of reflex actions, then it becomes actnally impossible
to determine the relative functional powers of two eyes, by the differ-
ence in eftect produced by the same image, or by the same eombination
of light vibrations: and, conversely, neither ean one determine what
effeet will be produced by the pereeption, through equivalent eyes, of
the same image. There are plenty of cases to illustrate both sides of
this proposition; therefore when a person attempts to judge of the per-
fection of an eye by experiments alone, his dedunetions are liable to be
wrong, or at least to econtain an abundance of uneertain clements.

The necessity of keeping these facts in mind is only too evident in
the present instance. By experiment alone, we would be led to suppose
that Avicule had eyes at least as complicated as those of Arce; but
we are surprised to find that there are only a few scattered ommatidia,
which would entirely escape the notice of one who had not seen them
better developed elsewhere. But if we are led into such false coneep-
tions by experimenting upon organs, which, the first glance tells us, are
widely different in structure, how can we determine, by experiment
alone, the relative perfection of organs which are nearly alike in histo-
logical structure?

Cardium.

The rather massive sipho of C. edule is beset with a double row
of tentaeles, which, in the expanded condition, form a radiating fringe
around each of the siphonal openings. On the anterior and posterior
side, the fringe attains its greatest development, while, between the
anal and oral openings, it is reduced to a few, small, scattering tentacles;
those on the anterior side of the oral opening are the largest of all,
and one of these, from which the remaining ones differ but slightly, we
shall select for description. It is extended directly away from the oral
opening , with the exception of the expanded tip which is bent nearly
at right angles towards the sipho (PL 31, fig. 113). On the side
away fromthelatter, is asemi-circular band of brown pigment cells ;

the remainder of the tentacular hypodermis is eolorless.
MittLeilungen a. d. Zoolog. Station zu Neapel, Bd. V1. 41
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On C. edule 1 have counted fifty-one eye-bearing tentacles, — so
large that one could distinguish the pigmented hand with a hand lens,
about the oral or anterior opening, and sixty-two, around the anal
one. At the tips of the tentacle, on the lips of the cup-like hollow, are
tufts of stiff, sense hairs. Cilia, as far ag I could see, were not other-
wise present on the tentacles.

In the connective tissue of the sipho, beneath the hypodermis, are
many irregular aggregations of large, round cells filled with dark brown
pigment.

The remaining portion of the mantle is pigmentless, with the ex-
ception of a narrow band on the shell side of the mantle.

Most of the tentacles are single, but I have observed several cases
in which the apex was forked, each end hearing an eye. The hypo-
dermis is thrown into many irregular, cireular folds; there are also
two remarkable, longitudinal oncs, extending the whole length of
the tentacle, one on each side (Pl. 31, fig. 113 ). At the end of the
tentacles, beneath the band of pigment, is an organ containing all the
elements characteristic of an eye. It consists of a roughly spherical
mass of large cells, — with sharply defined cell walls and nuclei, —
when living, eontaining a faint red coloring matter. The periphery of
the cells is filled with fine granular protoplasm, which gives them the
peculiar appearance represented in the drawing (fig. 112). When fresh,
they are transparent and refractive, so that one may see through
them the silvery light reflected from the argentea. The former, in
combination with the red light from the large cells, causes a brilliant
iridescent play of colors similar to that produced by the red pigment
and argentea of Pecten. The extremely simple retina, — whieh is oh-
long in shape, the short diameter being at right angles to the pigmented
covering —, consists of five or six rows of cells, the ends of which are
directedinwards, and rest upon the mass of connective tissue fibres which
serve at once as a capsule and tapetum. The opposite extremities, near
which are situated the large, oval and sharply stained nuclei, appear
to terminate in single nerve fibres, which pass out of the capsule, on the
side opposite the pigmented band, and, hending at right angles, extend
along the axis of the tentacle as isolated fibres. At the angle of each
of these cells, nearly opposite the large nuelei, is a small and poorly
defined cell containing a minute, but deeply stained nucleus. It seemed,
at times, as if I could distinguish an extremely delicate membrane be-
tween the retina and the red cells, but I cannot say with certainty
whether it was really there or not.
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The argentea (Pl 31, fig. 112 «g.) is similar to that of Pecten, and
consists of conneetive tissue cells, the bodies of which are flattened into
membranes, composed of minute refractive squares much smaller than
those of Pecten. In sections, it appears to consist of fibres with minute,
refractive varicosities, and might easily he mistaken for a layer of
nerve fibres. The best method to observe this »Plittehen« structure of
the tapetum is by pressing the ends of the tentacles almost flat under
a cover glass; one then sees beneath the hypodermis a layer of what
appears to be fine refractive granules, the true form of which can ounly
be distinguished with the highest powers. The cells of the tapetum
are not so completely metamorphosed as to lose their nuclei; as is the
case in the adult Pecten, the nuelei are quite numerous, and may readi-
ly be detected as minute, compressed bodies, conspicuous by the in-
tensity with which they are stained in haematoxylin. The argentea cn-
velops the whole eye, but is thickest on the sides next the pigment and
toward the base of the tentaele; on the remaining two sides, it is reduced
to a thin, hyaline membrane through which the nerve fibres pass to the
retina. It is thus evident that the light must eome from the summit of
the tentacle, and indeed from the invaginated portion away from the
pigmented side; the ends of the retinal cells are therefore parallel to the
rays of light, as we should expect. Whether the inner ends of the cells
are really provided with rods, similar to those of Pecten, for example,
I cannot say. Perhaps the fact that it was difficult to obtain clear pie-
tures of just those parts where the rods should be, may be considered
as favorable to the supposition that they are true retinophorae. There
is a striking resemblance between these retinal elements and those of
Pecten. and, until evidence shall be produced to the contrary, I propose
to consider them as homologous, and consequently shall designate the
large cells (#f.) as retinophorae, and the small ones (g.c.) as ner-
vous cells, homologous with the inner ganglionic ones of Pecten.
Whether there is a central nerve fibre in the former, or not, I was nn-
able to determine; this is a point of considerable importance for, if it
i« so, we should then have good reason for supposing that the cells in
question are formed by the fusion of two cells, just as they are in
so many other cases. The cellular body (7,, which we shall speak of as

a lens, — although it is probable that it combines in itself another
function besides that of concentrating the light, — is composed of

Iarge characteristic cells, which, however, are not confined to this

region alone, but extend thence in a double row, nearly half the length

of the tentacle; they then hreak up into irregularly scattered cells,
41
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which have not lost, meantime, any of their characteristic color or
appearance.

The nuelei of the hypodermis invariably contain nueleoli, with the
exception possibly of those which are so constricted that it is impossible
to determine whether nueleoli arc present or not. The nuelei of the
pigmented band are situated close to the inner ends of the cells and
are distinguished by absorbing staining fluids more deeply and evenly
than those of the unpigmented portions.

It has been known since WiILL's time, that the ends of the tentacles
can be in-, or e-vaginated at pleasure. The former proeess is aceom-
plished by the contraction of longitudinal muscular fibres, the thickened,
nucleated ends of which form a muscular ring attached to the inner
surface of the hypodermis at the apex of the tentacle. By the con-
traction of these museles only that part of the apex away from the eye
will be invaginated. Even in the most extended natural condition, the
tip of the tentacles is never convex, but on the contrary, slightly con-
cave, as represented in fig. 112.

Still further contraction draws the pigmented band over the open-
ing of the eye in such a manner as to prevent the access of light to it.
WiLL was the one, who. in this case as in 8o many others, gave us the
first deseription of these structures, and correctly considered them as
visual organs. His description of their external characters is perfectly
correct, as far as it goes; to this account nothing has been added up to
the present day.

CarriERE has also examined these structures and asserts that
they are not eyes. Although he is careful not to call them luminous
organs. one can see that he is inclined to lay stress upon the lumino-
sity of some of the cells. He says, for instance, p. 97. »Augen jedoch
sind es nicht und desshalb kann ich an dieser Stelle keine eingehendere
Besehreibung der leuchtenden Zellen des Epithels und der Tentakel-
spitze geben. Ich glaubte nun Leuchtorgane vor mir zu haben.
SchlieBt man aber das Licht giinzlich ab, so erlischt der

Glanz und es findet hier somit keine selbstindige Lichtentwicklung
statt.«

SuAkRr has been less successful than CARRIERE in finding the
eyes of Curdium: he declares that none are present in either C. edude,
C. muricatum, or C.magnum; this, however. is probably due to the fact
that he only examined speeimens preserved in aleohol, which quickly
dissolves the red pigment; one may then easily fail to see the lens
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and retina situated below the epithelium. Dut they are not so ecasily
overlooked in C. edule, where one side of the eye is covered with brown
pigment, not soluble in aleohol.

If we start with the supposition that all eyes are modifieations of
hypodermic eells. against which there can be, I think, no very serious
objection. then it is natural to expect that, the farther the organ has
become removed from the seat of its origin, the older it is, and the
more changes it has undergone. But we also find, that those organs,
which are phylogenetically the oldest, or which have passed through
the greatest number of intermediate ehanges, are either highly de-
veloped, or were so onee. In the present instanee, the changes
necessary to evolve such an organ from simple hypodermie eells must
have been radical and numerous, and it is not easy to imagine any
plausible method by whieh such a process conld have taken place. But,
in spite of the faet that it is so highly differentiated asregards
what must have beenitsoriginal eondition, itis still an ex-
tremely simple organ, whose funetional power must be of a very low
order. I eonsider, therefore, that during the long and eomplicated series
of changes necessary for the evolution of such an organ, it at one time
probably reached a mueh higher structural, as well as funetional con-
dition, and that the present, very simple organ is due to degeneration.

Cardium tuberculatumn.

In this species, the pigmented band at the summit of the tentacles
is absent, and the brilliant lustre, so characteristic of C. edule, is al-
most entirely wanting. But, with a careful examination, one easily
sees two rows of large, ova-like eells, elosely paeked, and extend-
ing from the tip of the tentacle, where they unite in the median
spherical mass above the retina, nearly to its base. These cells contain
diftuse coloring matter which gives them their reddish tinge. The same
form and general arrangement of the tentacles obtain here as in C.
edule, hut cilia or sense hairs, I have not been able to deteet.

The tentacles of C. tuberculutum are very sensitive to the amount
and intensity of light, while, on the other hand, irritation by contact,
and shocks or movements of the water eansed by a sharp tap upon the
glass in which they are contained, apparently produce no effect upon
them. This is just the opposite to what is found in Pecten, where the
tentacles are extremely sensitive to tactile impression, or to coarse
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vibrations, irritation of one caunsing immediate contraction of all the
others, or even of the whole mantle. But, in Pecfen, the tentacles
are richly supplied with sense hair papillae, while this is not the
case with Cardium, where, however, the sensitiveness to light is highly
developed; for variations in the intensity of the latter, caused by shad-
ows, produce lively movements of the tentacles, which may resuit in
violent contractions of the whole animal. After repesied experimente,
the irritating effect seems to be diminished, so that, finally, even quite
deep and sudden shadows may produce only restless or uneasy move-
ments of the tentacles, or perhaps no effect at all.

Cardita suleata.

Ie fresh specimens, the only material I have examined, may be
seen the orange-red mantle edge, near the oral end of which are five
or six large pigment spots, dark brown or nearly black in the centre,
but fainter near the periphery. In these pigmented areas, over which
the cuticula is specially thickened, one may see numerous, scattered
ommatidia, consisting of four or five dark-colored cells arranged
around a single, central one, two of which are often situated close to-
gether. The latter may be found on the edge of the dark spots, as well
as in the reddish colored arca, surrounded, in the latter instance, by
pigmented cells of an orange-red color, instead of black. Over the
pigmented arcas, the euticula was especially thickened, but not faceted.

No experiment was made to test the sensitiveness of these ani-
mals to light, but I cannot doubt they have this property, since the
diffuse ommatidia they certainly possess, appear to be as highly
developed as those of Avicule, which, in comparison with the eom-
plexity of its organs, has this sensibility developed to a truly wonder-
ful degree.

No statement, that I am aware of, has ever been made econcerning
the eyes of this genus of Molluses.

It is not unworthy of remark, that two genera so closely allied as
Cardium and Cardite should have eyes so different from each other.

Haliotis.

It was intended, in studying the eyes of this Mollusc, simply to
test my observations on Arca, concerning the nerve endings in the re-
tinidia, and the double structure of the retinophorae.
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Among the many authors, who lave described, in more or less
detail, the cyes of Molluses, three have given special attention to this
genus. There is no room for a great difference of opinion as to the
coarser anatomy of the eye. It is prineipally concerning the more min-
ute, histological structnre that I desire to speak, and to which I liave
given most attention. There is hardly any difference of moment he-
tween the eyes of Haliotis, and the invaginated ones found in Arca.
The former may be considered as pigmented pits in the thickened
hypodermis, with a specially thick cutienlar covering, the outer and
inner layers of which have become highly differentiated to form, in the
first instance, the vitreous body and the lens, and, in the second,
the richly innervated layer of rods. The so-ealled retinal cells eon-
sist of two elements, exactly homologous with the pigmented cover cells
and the retinophorae of Arca. The pigmented cells are extremely long
and narrowv (figs. 68 and 62), their inner third or half being reduced to
a slender hyaline stalk, or baeillus. The length of the cells varies
greatly, those opposite the opening of the eup being the longest. The
nuclei form a gentle swelling in about the middle of the eells, they may,
however, be situated at different levels, so that it might easily he im-
agined there were two nuclei in each eell. Such, however, is not the
case, as it may easily be seen that the outer ends of the isolated pig-
ment eells are completely filled with intensely black pigment with whieh
they seem to terminate; the elear, eentral axis of CARRIERE has no exis-
tence. In special preparations, the cell is seen to be sharply con-
stricted at its outer end into a colorless rod, narrow at the base, and
continued outwards until it terminates in an expanded end (fig. 62 77%).
The pigment contained in these cells usnally cousists of fine, dark
granules which often fnse to form large, round balls, equal in dia-
meter to the width of the cell.

The bacilli (figs. 6S and 62 4c.) terminate at their inner ends in
several fine fibres, which appear to rest upon a very delicate basal
membrane. Several of these eells, the exact number I have been nnable
to determine, surround a single, colorless one with a large hasal nn-
cleus; the colorless ones are the so-called »Stiitzzelleny, or secrete-eells,
as some have considered them, but they will here be called the retino-
phorae, since they are homologous with the similarly named cells in
the eyes of Arce and Pecten; although, as I have already remarked in
the introdnetion, the pigment cells likewise support retinidia, still the
colorless cells alone perform this funetion in the more highly develop-
ed forms. Just as in drce and Pecten, the retinophorac of Haliotis
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are formed by the fusion of two cells, one nucleus of which re-
tains its original characteristics, and may be readily seen situated at the
base of the cell. The other nuclens may, in many cases, hecome o0
degeneratc as to cntirely escape notice; but still, in carefully stained
specimens, it at times appears as clearly defined as in ordinary ecells,
although it is usually seen as a homogeneous, faintly stained, oval hody
(figs. 66 and 67 ». 7£.%) at the outer end of the cell, in the centre of a
gentle swelling. Between the two nuelei, the cells are often constricted
to a narrow neck, or even to a slender fibre; the outer part terminates
in a narrowed portion filled with fine granules, which stain in haema-
toxylin, and give to this past a special prominence.

When seen in cross sections, this granular part projeects a short
distance heyond the ends of the pigment cells (fig. 58 2). In one in-
stance, 1 found a very heautiful cell, the outer end of which
terminatedin two separate pieces (fig. 66) furnishing a most
conclusive proof that the retinophora, with its two nuclei,
was formed by the fusion of two cells. The cell contents consist
of a clear, protoplasmic mass in which are imhedded many granules of
various sizes, some of which are so refractive as to appear like pigment
granules. The distinetion hetween the pigmented cells and the colorless
ones is not as sharp as in Aree, for I found scveral that T was in doubt
whether to call pigment cells or retinophorae. The inner ends of the
latter terminate in a relatively large, varicose nerve fibre, into which
they are so gradually transformed that it is diffieult to tell where the
cells end and the fibres begin. One may follow the fibre in its course
through the centre of the cell, passing to one side of the large basal nu-
clens, until it reaches the apex, where it issues again and passes out-
wards between the double rods of the retinophorae. Other nerve fibres
follow the wall of the cell to its outer extremity, where they appear to
terminate. The fibres often hang freely from the cclls,so thatone sees
they are provided with numerous extraordinarily fine fihrils (fig. 66)
exactly similar to those found in Arce. But the most conclusive proof
that nerve endings occur here similar to those in Arca. was found by
treating the rods in sucli a manner as to dissolve the cuticularsuhb-
stance of the rods. lcaving the mass of nerve fibres per-
fectly free and intact. To do this, the eyes were hardened in 2%/
hichromate of potash, for 24 hours, and then removed to dilute glycerine,
1 part to 4 parts of distilled water; a further treatment with strong gly-
cerine followed, after which they were washed in distilled water. Small
pieces may then be placed in acetate of potash or water, separated with
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needles. and examined with a high magnifying power. Although I havenot
always been equally suecessful, some most brilliant preparations were
obtained, in which could he seen half a dozen or more nerve fibres extend-
ing along the wall of the eell, over the outer ends of which they projected
in long festoons, whose length often exceeded that of the eells them-
selves. The principal fibres were quite large and perfeetly distinet,
with very few side braneles: but towards the extremity, they broke up
into many smaller branches, whieh eontinued to subdivide more and
more rapidly. until they at last ended in myriads of the finest fibrils,
not terminating freely, but uniting with each other to form a perfect
network of continuous fibrillae. In some cells, all the fibres, with their
mass of terminal fibrillae, remained so united as to retain the shape of
the rod bhefore the cuticular snbstanee was dissolved; in other eases.
the large branehes had heecome separated from eaeh other, and were
turned and twisted in all directions; fig. 63 is only one out of hun-
dreds of similar cells, eaeh provided with the long festoons of nerve
fibres, the ultimate ramifieations of whieh, with all their eonfusing com-
plexity, eould be seen infinitely more elearly in the original prepara-
tions, than I have been able to indicate in the figure, where only one
of the fibres is entirely drawn. By selecting a small and well isolated
portion of the retinidium, it will be seen to consist of innumerable,
equally large branches, which hecome eontinuous with eaeh other in all
direetions to form an inextricable network of fibrillae (fig. 61). Althongh
nearly perfect, isolated retinidia are often obtained, they are nsually
united into larger or smaller groups in such a manner that there can he
no doubt that, at the extremity at least, the individual retinidia are
connected with each other by fibrils, in the same manner as the various
nerve hranches of the same cell. The bases of the rods are reduced
to slender stalks, separated from each other hy clear spaees through
which the nerve fibres of the colorless eells pass outwards to form a si-
milar network of fibrillae which unite with those described above. In
preparations of isolated cells, from whose rods the eutienlar substance
has not heen dissolved, I have never heen able to find retinophorae with
rods at their onter end: the latter was always eontinued outwards as one.
or several fibres, that soon divided up into smaller hranehes, and termi-
nated in the same manner as those of the surrounding pigment eells. It
-is probable that the rods of the eolorless eells are so inconsistant as to
loge their shape when the surrounding eells are removed, or that they
are dissolved in the processes of maceration. The retinidial layer of the
cutienla does not entirely fill the eavity of the eye; it passes quite grad-
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ually inte a clear, nerveless, viseid fluid, which more than fills the
remaining space and consequently projects somewhat over the pupil of
the eye. This outer portion, often very irregularly shaped, is always
harder than the inner part, or vitreous body (fig. 5S). I have a series
of sections, in which the surface of the vitreous body has become hard-
ened into a lens shaped portion, sitnated over the opening of the eye,
and almost entirely outside of it fig. 58 7). This lens is conspicuouns
on account of the difference between its index of refraction and that of
the vitreous body, and especially on accountof the fact thatits periphery
alone stains deeply in haematoxylin. The vitrcous body, the lens, and
the retinidial layer, at the edge of the optic cup merge into each other,
and by means of a gradual series of changes pass into the eunticula of
the hypodermic cells surrounding the optic eup. The entire gelatinous
mass, filling the cavity of the latter, may be redueced to a single, but
highly modified, cuticular layer, in which the inner stratum, filled with
the nervous fibres, constitutes the retinidial cutienla, while the
vitreous body . and the irregular onter thickening, or lens, represent
the corneal cuticula, homologous with the delicate eorneal mem-
brane in the compound eyes of Area, as well as the corncal membrane
of the invaginate forms. The retinidial layer is homologous with
the similarly ealled layer in the invaginated eyes of Arca, or the
retinidia taken collectively of the faceted eyes.

It is evident, therefore, that the colorless eells musthe considered as
essential elements of the retina, both morphologically and physiologi-
cally, even though, in the present instance, they play a relatively sub-
ordinate part; or rather it would be better to say that the pigmented
cells, with their retinidia, have gained an unusual ascendeney. This,
however, is necessarily the case, owing to the small specialization of
the retina, — the hypodermic eharacteristies of which are but slightly
modified, — together with the equally poor funectional development
of the organ. In the phylogenetic development, accompanied by the
specialization of certain cells in different directions and the acquisition
of higher funectional powers, it will be found that the colorless cells,
with their retinidia, continne to gain the ascendency, until they con-
stitute the essential and least variable elements, while the pigmented
cells become more and more subordinate to secondary functions.

On the upper side of each tentacle of Haliolis, is a dark pig-
mented band,whicly, in the large head tentacle, is sunken into a furrow,
in many places so deep that its lips may nearly close to form a tube.
The floor of the furrow consists of thick, columnar cells filled with a
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dark brown or black pigment. The euticula is not especially developed ;
neither could any colorless cells be seen in the seetions. The similarity
of these pigmented bands with those on the sipho and mantle edge of
the Lamellibranchiata is at once evident; whether the resemblanee is
more than a superficial one, and whether a similarity in functionis also
present, ean only be shown by aetual experiment.

It was BapucHiy, who in 1866! published a paper which, for
accuracy of observation, has hardly been excelled by subsequent au-
thors favored with much better means of study. He fully recognized
that the retina was composed of groups of pigmented cells, surrounding
a central, colorless one with a large nucleus. He likewise appears to
have scen the intercellular nerve fibres, hut erroneously considered
them to be foldings in the cell wall. Also the important facts, that the
colorless cells were continuous at their inner ends with a single fibre,
while the pigmented oues ended in four or five, did not escape his no-
tice. As far as the structure of the retina is concerned, no new acqui-
sitions have heen made since his time, exeept to extend some of his ob-
servations to other genera. In the majority of cases, subsequent
authors have failed to recognize certain essential facts which he seems
to have fully appreciated.

Hexsex failed to find in Pterotrachea the so-called colorless
cells of Banucnin. He distinguished three kinds of cells, one of
which, with the large, round nucleus, was probably one of the colorless
cells in question, to whose surface, pigment was accidentally attached.
Oune might likewise infer from his deseription, that the pigment cells
were differentiated into tw o rows, as in Arce. His observations are not,
however, sufficiently complete to determine with certainty whether his
rods are formed by the combined produets of the pigmented and col-
orless cells, or whether both bodies produce comparatively indepen-
dent structures, as in Haliot?s.

The researches of SniroTH (30), are drawn out to an interminable
length, and are accompanied by numerous careful drawings of histo-
logical rubbish, from which he has been unable to cull any new facts

1 Up to this date the knowledge recorded concerning the structure of the
retina is of such a rudimentary nature, that it will not be necessary for us to

consider it.
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or ideas, and indeed has failed to see what was so clearly pointed out
for him in the mueh earlier work of BasucuiN. In some inexplicable
manner, he has attributed the omnipresent »Plittchenstructurc to the
bodies of the colorless cells, while he has entirely overlooked the rods
themselves.

Frarsse (36) considered that the colorless cells from the eyes of
Patella and Fissurella (he failed to recognize them in Haliotis) act as
supports for the pigmented cells; he also sees in them the organs which
secrete the vitreous body and lens. This idea has taken firm root in the
minds of subsequent authors, who have compared them with the gland
cells found generally distributed in the Molluscan hypodermis. DMore
recently, however, HILGER (40) has recognized that they play an impor-
tant part in the formation of the rods.

That the colorless cells are something more than mere gland ecells
is sufficiently proved bythe eomplex structure whieh I have shown that
they possess, and the homology that may be pointed out hetween them
and cells which undoubtedly play the most important roll in the more
highly developed eyes of Arca and Pecten. Fraisse noticed the fibres
in the lens, as he called it, and although, at first, he is in doubt whether
to call them rods, he finally concludes that, in all probability, they are
artificially produced by the coagulation of the lens. He believes,
moreover, that the lens is first secrcted by the support cells, and after
it has gained a sufficient size the vitreous body is produced. It secms
to me that he has reversed the order, and that the lens is simply a part
of the vitreous body hardened by exposure to the water, as in Heliotis,
or by coagulation, as in the closed eyes of Fissurella.

I, however, agree with him in considering the lens and vitreous
body as cuticular structures, but cannot consider, as he does, that they
are seereted by the colorless cells alone; the cuticular substance is
rather a modification of the walls of both pigmented and eolorless cells,
and shows various degrees of density and of vitality, according as it is
more or less intimately connected with the cells to which it owes its
origin.

The »Stiibchenzellen« of CARRIERE are so named because they
contain a eolorless axis surrounded by pigment: the former he calls the
rod, and the pigment cells, the rod eclls, whieh he considers to be -
doubtedly the essential elements of the retina. He adopts Fraisse's
terminology, and considers with him that the colorless cells are secrete
cells, homologous with those large gland cells found in the general
hypodermis. The retinidial layer, he has overlooked, having confused
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it with the vitreous body. 1lis coneeption of an cye must be something
altogether unique, for, after having deseribed. in the eyes of Patella,
the rods, which he erroneously considers as a vitreous body, and the re-
tineum. — having the same structure as in other Mollusea, — he in-
forms us that the organ in guestion is no eye at all, but simply a pig-
mented hollow in the epidermis! Then, immediately afterwards, he
speaks of the pigmented cells as »Sinneszellen« or »Schizellen«, and
considers the thickened cuticula, secreted by the colorless cells, as
being specially adapted to protect the very delicate ends of the rods.
We should be pleased to know what a pigmented hollow, provided with
a true retina. and containing delicate seeing cells, is, if itis not an eye.
He eovidently considers that these organs have too large an opening to
be entitled to be called eyes, for he does not hesitate to apply that
name to an exactly similar struetnre in Haliotis, the opening of which is
of more modest dimensions! In the latter genus, he has mistaken the
retinidial layer for the vitrecous body, which, in his preparations, seems
to have entirely disappeared, with the exception of the lens-like
thickening covering the opening of the optic cup. The colorless cle-
ments are not scerete-cells, neither do the pigment cells contain any
colorless axis which, when continued beyond the limits of the pigment,
forms the rods. The fibres, supposed to be seereted by the colorless
cells, instead of being simply formless cuticular secretions to be
transformed into the vitreons body, are rods, similar to those of
the pigment cells, and supplied in the same manner with nerve
fibres.

HiLcer. who has recently made a valuable contribution to our
knowledge of the retina in various forms of Mollusca, has found that
the colorless cells are generally, and probably universally present in the
retineal layer. He has abandoned the old method of considering them
as secrete, or support cells, and, recognizing the part they play in the
construetion of the rods, calls them the rod cells, although it is difficult
to understand why, for, according to his figures, they contribute much
less than the pigment cells to the composition of the rods. He has con-
sidered the retina of Haliotis in less detail than that of other forms with
which I am nnacquainted. I believe, however, that he is wrong in
supposing that the rods of the several pigment cells, surrounding the
prolongation of a central colorless one, unite to form a single rod. It
seems to me much more probable that the same condition, — similar to
that found in Healiotis, as regards the structure of the retinidial
layer, — prevails throughout all the Mollusea with equally simple

v
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forms of eyes; or, in other words, that the pigmented, as well as the
colorless cells produce independent rods, whose nerve fibres unite to
form one complex retinidial layer. His so-called »Stiibchenmantelc is
composed of the rods of the pigment cells, while the axial portion is the
rod of the colorless one. It is true, that the rods in the eye of Haliotis
do not seem to have reached a very high degree of specialization, as
compared with those of Fissurella and Heliz, but this is a differenee in
degree not in kind; moreover it would be impossible to compare a rod,
as deseribed by HiLGER, with any similar structure known. The sharp,
diagrammatic ountlines with which he separates the rods suggest that
possibly the material was not prepared in the best manner. Heis surely
in error in saying that the pigment cells end in one or more nerve fibres,
sinee they end abruptly in root-like fibres, resting upon the connec-
tive tissue membrane. The incorrectness of his coneeption, that the
rods are formed by the united aetivities of the colorless and pigmented
cells, is proved by the difficulties he encounters in attempting to com-
pare these rods with those of Heteropods, as deseribed by Scuvrrze:
for in the latter case, they are formed simply by the retinophorae, the
central nerve fibre of whieh eonstitutes the so-called axis of the rod;
while in the former instance, the axis is not a single fibre, but the
double rod of the retinophorae, the sheath being formed by the rods of
the pigment cells: therefore, in the Heteropods, it is evident that the
rods of the pigment cells have entirely disappeared, while those of the
double colorless ones with the central nerve fibre, have increased pro-
portionately. We have an exactly parallel case oceurring in a single
genus of Molluses; forin 4rce the optie ecups contain a retinidial layer,
in which the rods of the pigment cells and the retinophorae play a
nearly equal part, while, by a gradual series of transformations that
may be followed step by step, a much higher type of visual organs
is produced, in which the rods of the retinophorae, — or colorless
cells. — are alone functional, while the pigmented ones have beconie
subordinated to secondary purposes. It appears, from the description
given by HENSEN of Pterotrachea, that the pigmented cells may be di-
vided into two rows, as in the faceted eyes of Arca. It seems, there-
fore, that in the majority of Gasteropods, essentially the same con-
dition found in Heliotis prevails in the structure of the retinidial layer,
to which the pigmented, as well as the colorless cells contribute their
more or less independent rods. In Huliotis, the ultimate fibrils of the
retina terminalia have assumed no speeial direetion; this, I be-
lieve, may be acconnted for by the fact that no definite relation exists
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between the course of the rods, arranged radiately around the wall of
the optic cup, and the dircetion of the rays of light entering it. In the
simpler forms of Mollusean eyes, the relation existing between the
rods of the pigmented and colorless cells has not been determined,
nor, whether, as I believe. the ultimate fibrillae of the rods assume a
direction more and more at right angles to the rays of light which
impinge upon them. It is, however, certain that in those more com-
plex eyes, in which the amount and direction of light is regulated by
aceessory organs, as in Pecten, Heteropods and Cephalopods, the rods
are best developed at that point where the greatest number of nearly
parallel rays impinge upon the retina, and, also, that in these very
rods the transverse fibrillae attain the most perfeet uniformity of direc-
tion. In proportion as the aceessory organs become more and more
complete, and consequently the funetional power of the ecyes; the
greater advantages possessed by the double rods and their central
fibres for wniform and economie distribution of parallel, transverse
fibres, are scized upon, and, in proportion as the double rods become
more and more developed, those of the pigment cells decrease and
finally disappear. Consequently one finds that, in the most specialized
eyes, only the true retinophorae have retained their rods in which
the distribution of the transverse fibrillaec has reached the highest
perfeetion.

Btrscurr [41) finds reason to believe that the colorless eells are
the essential ones, and hence doubts GRENACHER'S assertion that the
colorless cells or »Limitanszellen« of the Cephalopod eye are not sen-
sitive to light, and he would compare them with the colorless, sensitive
cells in Gasteropods!. The reasoning is most fallaceons. It is perfectly
well shown by the very article which he is discussing (HiLcer’s),
that the pigmented, as well as the colorless cells contribute to form
the rods, which are the homologues of the similarly named struetures in
all other eyes. It is equally evident that the so-called rods, and the
cells which bear them, are the essential elements of the retina; hence
it follows that the presence or absence of pigment cannot, in this case,
serve at all as a criterion. Therefore, in attempting to discover the
homology between the retinal elements of Cephalopods and Gastero-

1 It does not appear as certain as it might, that the »Limitanszellen« do not
contain any pigment. It would not be very surprising if the so-called »Sockel« of
the retinal cells should turn out to be composed of several minute, pigment-bearing
cells, and that the retinophorae, or retinal cells, were entirely colorless.
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pods, it is simply necessary to know what are the rods, and by what

cells they are produced, whether by the pigmented, or colorless ones, or

by both. The presence or absence of pigment is a factor altogether too

nneertain to be, alone, of any value; for, as I have shown in Haliotis, the

double cells, or those which are usually colorless, may sometimes con-

tain a small quantity of pigment, while in Pecten both elements are

perfectly devoid of pigment. Still another factor must not be ne-

gleeted, and that is that in the Cephalopods the pigment between the

rods and aronnd their axial nerve fibre is something entirely unique.

The presence of pigment around the axial nerve fibre is of great theo-

retical importance, for, if pigment may be produced by a nerve fibre

within the rod, there is no reason why the external fibres of the rod,
arising from the limiting or ganglionic cells, may not also produce pig-

ment. Moreover, the manner in which the axial nerve is protected from
the light proves that it cannot be the percipient element, while, on the

other hand, the access of light to the walls of the rods containing the

retinidial cross fibrillae shows that there, as in other Mollusea, is the

true seat of the light-sensitive elements.

GRENACHER (39) inconsistently speaks of the half of each rod as a
rhabdomere, which, according to his definition, should be the produet of
a single cell. The so-called rhabdoms found by GRENACHER in the Ce-
phalopods have absolutely no morphological signification. They are
simply due to a deceptive, but economic arrangement, so that the broad
sides of four different rods are adjacent to each other. The integrity
of the individual rods, which are similar to those of Pecten, is in
no wise affected by this arrangement. It is impossible to find any
points of resemblance between such a rhabdom and that of any
other animal. He has hastened to apply his name rhabdom to
these accidental groups of rods, regardless of the consequences. When
a person applies terms, neeessarily restricted in meaning, to widely
difterent objects, one is led to believe that there must be some resem-
blance between the objects in question, and possibly some morpho-
logical relationship. But in the present case (p. 251), he is neither
able to find any resemblance between his rhabdoms in Cephalopods
and Arthropods, nor is he willing to admit that any morphological
value eonld be attached to such a resemblance, provided it existed.

Without further discussion of the views either of GRENACIER or of
Borscurt, I may be permitted to draw comparisons between the retina
of Cephalopods and that of other Mollusea, based upon my own re-
searches. The whole question hinges upon the nature of the so-called
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wretinal cellse. They are homologous with the retinophorae of Pecten
and other Mollusca (the colorless eells of Gasteropod eyes); this is suffi-
ciently well shown by the presence of the axial nerve fibre, and the
double nature of the rods. It shonld also be indieated by the presence
of two nuclei, one of whieh GrReENACHER has probably overlooked. The
»Limitanszellen« are ganglionic cells exactly similar to, and homo-
logous with, the ganglionie eells, especially those of the inner layer, of
the eye of Pecten. Consequently they represent modified pigment eells of
the hypodermis, and are homologous with the retinulae of the Gastero-
pod ommatidia. Their prolongations form the external, nervous net-
work of the rods. The limiting membrane eorresponds with the corneal
layer of the cuticula, and probably proteets loops of the axial fibre,
similar to those of Pecten.

Chapter II. Crustacea and Insects.

Penaeus.

The great impetus that modern Zoological seience has re-
ceived from eomparative anatomy, has not been due so mueh to more
subtle or able eomparisons, as to a more perfeet knowledge of the strue-
ture of single forms. It would not be too much to say that a perfeet ae-
quaintance with the anatomy of a single, typieal Arthropod eye, with its
various stages of structural and funetional development, wounld furnish
us with a key to many of the most difficult problems concerning the
comparative anatomy and phylogenetic development of the visual
organs, not only in Arthropods, but in other Invertebrates, as well as
Vertebrates. In proportion as our knowledge of individual forms is
less perfect, or built upon false foundations, so will our deduetion
from these false premisses not merely be wrong in the same proportion,
hut exaggerated a thousand fold with every setep, and finally entangle
us in such a labyrinth of false deductions, that future progress would
be well nigh impossible. We must expeet a certain amount of strue-
tural uniformity in those organs whieh have to carry, by the same
means, the same forms of energy to similar pereeptive centres, and that
the greatest uniformity should prevail in the most essential parts. My
studies upon the nerve endings in the Mollusea have indueed me to
believe that a uniformity of structure prevails in the essential elements
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of all eyes. How far that has proved true will be seen in the follow-
ing pages. A mere accident led me to choose Arthropods as most
convenient for testing this supposition. 1 entered upon this subject
with that respeet for the researches of GRENACHER (which have been
so steadily gaining in general acceptancy since their publication) that
one must feel for honest work, whenever brought in contact with it.
But my first observations, conducted under other methods, raised
suspicions that, at least in that case, GRENACHER'S explanations would
not work, and against my desire I was drawn away from my in-
tended course into a boundless field of observation, with the feeling
that neither time, nor existing circumstances, would allow me to
treat the subject in a satisfactory manner. The evidence against
GRENACHER'S theory appeared so over-whelming, that I could not resist
the temptation of making a few observations, with the double object
of testing my own conception of the structure of the ommatidia, and
of studying the nerve endings there. The limits of this paper would
not allow me to earry my observations any farther in this direction,
but I hope in the near future to extend them, in order, if possible, to
clear np many diffienlties, which I am at present unable to explain.
They are difficulties, however, which lie in those places where the
least satisfactory work has been done, and it is not improbable that
they too will disappear, as I have seen others do, upon a more careful
study. The favorable conditions, offered by the eyes of Penaeus, have
been utilized in order to ohtain as complete a knowledge as possible
of one form, which might then serve as a type for comparison with the
eves of other genera.

In Penaeus, the cornea is divided into square facets, the ounter
surfaces of which show mere traces of convexity. Beneath a thin, strue-
tureless and refractive, outer layer, is a thicker, less dense, and lamin-
ated one (Pl. 31, fiz. 69 ¢?). Below the cornea is a thin, continuous
layer — the corneal hypodermis — to which the corneal cuticula
owes its origin. Each facet rests upon two flattened, oblong cells, reduc-
ed in the centre to a delicate membrane. In the thickened, abaxial
edges, are the faint, oval nuclei, so arranged that those of the adjacent
facets are situated near cach other, on either side of the dividing line
(PL. 31, figs. 69 and 76). It is not difficult to obtain examples in which
the entire ommatidial hypodermis has been removed, leaving the cor-
neal layer intact, so that the number and arrangement of the nuclei,
as shown in fig. 76, and the median division hetween the two cells
may be easily observed. The delicate outlines of these very thin cells,
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filled with granular protoplasm, are visible by contrast with the structure-
less, underlying cuticula. The division between each pair of cells ig
only indicated by a very faint line, while the cells belonging to neigh-
boring facets are scparated from each other by a clear, narrow
space. In the centre of each facet, is a dark spot, or impression, from
which a fine chitinous-like fibre often projects (fig. 75 z). One might
easily overlook the nuclei of the cuticular cells, as they do not absorh
coloring fluids to any great extent, neither have they a high index
of refraction. They are usually oval, and perfectly homogeneous, often
showing no trace whatever of that granular structure so characteristic
of nnelei in general; but occasionally they are granular, and stain so
deeply that there can be no doubt of their nuclear nature. By boiling
a piece of the cuticula a short time in caustic potash, all the less resis-
tant parts are dissolved, and the corneal facets alone left intaet, their
dark boundary lines being widened at the corners to form figures like
those represented in the plate (fig. 75 d. f.). In the eentre of each facet, is
a small, round impression, usually the most striking one, while in the
middle of each side, are similar markings looking like the ends of fine
fibres, or the impressions where fibres had been attached. A series of
extraordinarily faint, parallel lines, coineiding with the divisions between
two corneal cells, separates each facet into halves. The impressions
(fig. 75 y) indicate where the outer ends of the ommatidial cells were
attached to the corneal membrane, which has at those points fused
with the cuticula, upon which impressions of the ommatidial cells are
thus produced, or fragments of their outer ends left hanging. When
the treatment with canstie potash has been carried to excess, all mark-
ings disappear, except the contours of the facets.

Beneath the corneal cell layer is the infinitely thicker, ommateal
hypodermis, composed of numerous ommatidia corresponding in
number with the corneal facets. Each ommatidinm consists of a
conical group of 19 or 20 very long cells, each one of which
extends from the corneal hypodermis to the basal mem-
brane. They are arranged in four circles around a central axis,
all the nuclei of each group being placed at the same niveau, in
specially enlarged or pigmented portions, thus forming as many zones,
at varying heights. as there are circles of cells. The innermost
group consists of four colorless eells — the retinophorae — united
to form an inverted pyramid, whose basc abuts against the corneal
hypodermis, while the apex rests upon the basal membrane. The
bases of the pyramids are square, but, passing inward, the corners
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become bevelled, thus giving to a cross section an octagonal outline
(figs. 79 and S0). Still farther inward, the corners are rounded, giving
rise to a tube, decreasing in diameter towards the inner end until it is
reduced to a slender, hollow stalk — the style — which, enlarging
rapidly, becomes transformed into a solid, pyramidal thickening — the
pedicel; the latter rests upon the basal membrane by a delicate stalk,
divided at its inner extremity into three legs, formed by the diverg-
ing ends of the four retinophorac, two of which have united. The
rounded, outer ends of the retinophorae are provided with peculiar,
protoplasmic thickenings in which the nuclei are situated (fig. 69
nof.). They may be seen in cross sections, but more easily in
macerated pieces of cornea to which the ends of the rctinophorae,
with their nuelei, remain attached. The latter are coarsely granular,
oval bodies in whieh there are vacuoles, often so large as to trans-
form the nucleus into a mere shell (fig. 76). In these preparations,
one finds an instructive variety of figures, giving an accurate idea of
the relation of the various parts. When most of the eell substance has
been removed, it is easy to see the four nuclei of the retinophorae,
located at the four corners of the square, together with the two smaller
nuclei of the corneal cells, situated at its sides (fig. 76). The protoplasm
is often torn away from the centre of the square, leaving an irregular,
round space of varying dimensions, from the middle of which projects
quite a large fibre, often surrounded by a group of smaller ones
fig. 76).

Below the nuclei, the cells are filled with a mass of less consistent,
finely granular protoplasm; then follow the conical, four cornered erys-
talline cones whieh are nearly half as long as the ommatidia them-
selves (fig. 73 c.c.). Each cone forms a square pyramid, the four
quarters being produced by the thickened, axial walls of the retino-
phorae. Its outer end is quite firm and consistent, and is composed of
a refractive, nearly homogeneous substance, which, towards the inner
end, becomes softer and more granular, having at the apex a tendency
to break up into fragments. Its diameter is only a trific smaller than
that of the ealyx, which it almost completely fills, and with whose
abaxial walls its faces are nearly parallel. Nearer the centre of the
eye, almost at the inner end of the crystalline cone, the opposite
halves of the calycal wall develop sickle-shaped, granular thickenings,
which inerease in size as the diameter of the retinophorae dim-
inishes, so that the enclosed space becomes, at first, oval and, finally,
round (figs. 80, 81 and 82 #). The narrowing apex of the pyramid,
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formed by the four retinophorae, is finally reduced to a slender, tube-
like stalk, or style, st.; during this process, the granular thicken-
ings become again reduced to thin, structureless walls, which,
farther on, are supplied with four, minute and refractive, inner ridges
(tigs. S1—S4 . As we progress still farther towards the basal mem-
brane, the tube becomes square, the four ridges having developed into
four rectangular thickenings, which nearly fill the central canal (fig. 84).
Still the changes are not completed, for, farther on, the square tube
becomes transformed into an oval one; two of the ridges at the ends of
the small diameter constantly decrease in thickness, until that part of
the wall is reduced to a thin membrane, while the remainder, surround-
ing the now ecircular opening, retains its original thickness (figs. 85—
88). After a slight, final change, by which the tube with its central canal
is increased in diameter, we have reached that expanded solid portion,
or pedicel, usually spoken of as the rhabdom (figs. 93 and 72 pd.).
The axial walls, in the middle of the four retinophorae, have dis-
appeared: while the abaxial ones, having so completely fused with
each other as to leave no trace of a former division, form a slender
tube, the style.

In the pedicel, the abaxial walls have become so thick as to entirely
obliterate the central canal, while the divisions between the four
component segments are again visible (figs. 93—95). The base of the
style expands suddenly, but gracefully, into the large, pyramidal, outer
end of the pedicel, which, continued inward as a gradually narrowing
oblong column, contraets, shortly before reaching the basal membrane,
into the smaller, inverted pyramid, whose apex is drawn out into an
extremely slender stalk (fig. 72 stpd.). Near the basal membrane,
the latter diverges into three legs composed of the attenuated, inner ends
of the four retinophorae, two of which have united with each other.
Eachleg of the stalk is divided at its inner end into several
fibres by which it is united to the basal membrane (figs. 72 and
108). This fact is of great importance, for it proves that the segments
of the so-called rhabdom of GRENACHER are not secretions of
the retinulae, but the inner ends of the retinophorae (or erys-
talline cone cells of GRENACHER), which terminate in the same root-
like fibres, seen in nearly all hypodermic cells.

The complicated structure of the pedicels only became intelligible
to me after the study of wax figures, which I was obliged to construct,
provided with lines similar to those of the pedicels, and which were
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combined with each other, until imaginary sections gave approximately
the same fignres seen in actual cross sections of the pedicels.

The pedicel is a columnar, hyaline hody, capped at each end with
a pyramid. Just before the style is transformed ifito the pedicel, it is
seen to be composed of a number of pieces which gradually grow shorter
and shorter, until they are converted into a number of very thin plates
constituting the outer pyramid of the pedicel. The plates, however,
again increase in thickness, until, at the opposite end, they are again
converted into blocks, 10 or 12 times as thick as the outer lamellae
(figs. 72 and 74). The pedicel is oblong in section, and for convenience
we shall speak of the long and short diameters as the primary and
secondary axes, and the line coinciding with the axial nerve as the
median, or optic axis, either of the pedicel, or ommatidium. The
plates are of two kinds, alternating with each other: primary ones,
composed of fibres, or marked with lines parallel to the primary, or
long axis; and secondary plates of the same composition, but with the
lines at right angles to those of the first, or parallel to the secondary
axis.

The primary plates are lamellae which have been reduced to thin
membranes along the secondary axis, while the two extremities have
been transformed into oval, or diamond-shaped figures, the short diam-
eters of which are equal to the original thickness of the plate (fig. 103).

The secondary plates are lamellae which retain their original thick-
ness along the secondary axis, as well as along the faces forming the
broad wall of the pedicel, while the ends are hollowed to receive the
oval ends of the primary plates (fig. 104 ).

In a median longitudinal section (fig. 72}, it will be seen that
both kinds of plates are thinnest and most numerous at the outer end
of the pedicel; toward the inner end, however, they increase in thick-
ness, especially the secondary ones. The latter, figs. 104 and 105, may
be regarded as compound, each one heing composed of eight pieces.
The zigzag line divides the plate into two, while the two double
wedges of each half are again divided, by a horizontal plane passing
through the middle of each plate, into four pieces.

I am inclined to think that, in the living condition, these plates
form sharp-lined and geometrical figlires, but in sections, or macerated
preparations, they are usually somewhat ronnded.

Each one of the primary plates is, at one end, indented by a fold of
the sealloped retinula (figs. 72 and 93, 7).

Surrounding the retinophorae, are seven, oddly shaped retinulae,
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four of which are nearly black, while the remaining three are filled
with light brown pigment. They attain their greatest size at the base
of the style, where the nearly spherieal nuelei arc situated. The inner
ends are reduced to narrow bands, closely applied to, and surrounding,
in irregular order, the pedicel. The nuclei,-and consequently the most
expanded parts of the cells, are sitnated at different levels so that, in a
geries of cross sections, one first sees, in the outer ones, the nuclei of
the three brown pigment cells, all placed on one side of the style, the
nuclei of the large median cell being the first to appear (figs. 74. 89
and 90). These three cells (7, 2, 3) then become greatly rednced in size,
while the outer ends of the two black ones (4, 7) gain the ascendency ;
their axial walls are compressed to thin edges resting upon the style,
while, near the expanded abaxial faces, are sitnated the nuclei (figs. 91
and 92). In the next sections, cells (6 and 7) have nearly disappeared and
the nuclei of the similarly shaped ones (5 and 7) appear (fig. 92). The re-
lation of these cells is represented in a somewhat diagrammatic way in
fig. 74.

In the following sections, the uniformity in size and pigmentation
of the cells becomes gradually established, but they may still be easily
recognized by their arrangement. Innearly all the figures,consecutive sec-
tions of the ommatidia, as well as of the same cells, are placed in the
same direction, and uniformly lettered. In the largest portion of the pedi-
cels (which are much more closely arranged than is represented in
fig. 93), one may occasionally notice that the three cells of one half of
the pedicel are thinner and contain less pigment, than the four of the
other half. The arrangement shown in fig. 93 is very constant and
characteristie, deviations from it being rare and of little importance.
In following the sections still farther towards the basal membrane, the
pedicel is seen to be less oblong and finally nearly round, while the re-
tinulae, which have become proportionally larger, still afford the meang
of determining, by their shape and arrangement, the direction of the
secondary axes of the pedicel (figs. 93—96). The latter is finally re-
duced to an extremely fine, and almost indistinguishable, eentral chord,
completely enveloped in the seven retinulae, which, in the following
sections, combine to form a butterfly-shaped figure, where the four
black cells form the wings, and the other three, the body and tail (figs.
99-—100). The median one (figs. 97—100, 7), at this point, much exceeds
its two neighboring cells in size, a fact which, later on, furnishes us
with the means of determining their arrangement npon the basal mem-
brane.
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The outer parts of the retinulae seem to terminate with the knob-
like swellings eontaining the nuelei; but this is, in reality, not so, for
they are continued outwards as extremely delicate membranes, similar
to those already described for the retinulae of Arce. At the base of the
style, and especially at that point where it becomes continuous with
the pedicel, the membrane is so closely applied to the former that it is
with difficulty observed (figs. 83 and 84); but farther toward the ex-
terior, the united terminal membranes of each group of retinulae form
a delicate sheath loosely surrounding the style, from which it is often
separated by a clear and narrow area. As the styles expand into the
closely packed, octagonal ealyces, it is no longer possible to distinguish
the she ath, between the adjacent walls of the former, which are so
closely placed that their walls have apparently fused to form one line.
But the smaller faces of the calyces enclose quadrilateral areas, left
for the passage ot other elements, and in each of them a delicate
membranous tube may be distinguished (figs. 79—81 »é.s.).

From theoretical considerations, it is probable that continuations
of the membrane exist between the walls of the calyces, but are in-
vigible for reasons already suggested. It is also probable that the sae-
like membrane, in the open spaces between the calyees, is formed by
the fusion of parts of four adjacent sheaths, produeing the
closed tubes seen in eross section (figs. 79—81), and whieh would, ac-
cordingly, consist of parts of the terminal membranes of seven retinu-
lae, belonging to four different ommatidia. This fact will become more
intelligible when we consider the outer ends of the membranes and their
arrangement around the ommatidia.

Just beneath the inner edge of the pigmented band (fig. 69 pg.c.),
the square spaces have attained their greatest size, and it is here that
the circular membrane is most clearly seen (fig. 79 7£.s.): beyond this
point, towards the exterior, the spaces become eompletely filled with
the pigmented cells, and it is then a matter of the greatest difficulty
to distinguish the membranous sheath in cross section. In the following
gections, through that part of the ommatidium between the pigmented
band and the corneal facets, the sheath may once more be distinguished,
in the same form as before. Drawings of the sections have not been
given, since the relation of the parts is sufficiently well represented in
those macerated specimens, in whieh the outer ends of the retinophorae
and various portions of the surrounding pigment cells, as well as the
sheath of the calyx, remain attached to the inner surface of the cornca
(figs. 76 and 77). In such preparations, all combinations of the above
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mentioned parts, in various degrees of elearness, are to he found, and
by stndying them, one may arrive at a tolerably complete conception
of the existing conditions. In fig. 76, is represented a surface view of
the corneal faeets with the hypodermis and inmer ends of the omma-
tidia still attached. Those portions of the ealycal sheath which, by
the fusion of corresponding parts from adjacent ommatidia, form the
membranous tubes at the corners of the squares (fig. 76 r¢.s.) — are
exactly similar to those seen in the deeper parts of the eye. Here we
have the evidence for the above made assertion that each tube is com-
posed of parts of the membranous ends of seven retinulae belonging to
four different ommatidia; for one may see that, as the tube approa-
ches the faeets, its walls thicken, and, when it finally abuts against the
eorneal membrane, are resolved into seven hyaline thiekenings, so ar-
ranged as to form the regular, four-armed figures shown in the drawing
(fig.76, I and fig.77). By eareful examination of many specimens, some of
which have been treated with eaustie potash, a series of forms may he
found,varying from those inwhich the tubular membrane projeets some
distanee away from the cornea, to those having four arms extending out-
wards as thin membranes (fig. 77 »¢.s.), and still others, in which these
radiating membranes have become so extended as to be continnous with
corresponding ones from adjacent tubes. In those treated with eaustic
potash, all the more delicate membranes are dissolved, their thickened
extremities alone remaining. One then sees that the centre of the tubes
is redneed to a small opening, while each of the radiating membranes
has resolved itself into two, doubly wedge-shaped thiekenings, seven
or eight of which are arranged (fig. 77 /77) around a point which lies
directly heneath a place where the corners of four adjacent facets touch
each other. Of these eight radiating thickenings, two in each group al-
ways face the same square, and — since they unite with those forming
the remaining sides of the same — the central retinophorae are com-
pletely and immediately surrounded by the outer ends of the retinulae,
1—7, thus justifying our conclusion that, morphologically, the latter are
the most intimately conneeted with the retinophorae. It has been said
that the ends of seven retinulae constitute one of the four-armed figures
described above, and, if this is so, it is evident that one of the pairs, and
in fact a pair separated by an open angle (as e. g. s! and s2, I, fig. 77),
must be formed, not by two pieces, but by one only. Although it is not
difficult under favorable eireumstances to ohserve the dividing spaces
between the segments, yet it is by no means easy to determine
satisfactorily, whether two of the pieces in each group are fused to
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form one, as necessarily should be the case provided thesc figures
are formed by the ends of seven retinulae. There is, however, one
other supposition possible, and that is that the median, scalloped re-
tinula (7) is really a double cell, a not improbable condition when we
consider its large size, its median position compared with the paired
arrangement of the two opposite ones, and its peculiar shape, which
probably is connected with the performance of some special function
differing from that of the other retinulac. This supposition would be
changed almost to a certainty, if it could be shown that, for each om-
matidium, there were eight segments in the tubes instead of seven. But
as I have said the difficulties in the way of accurate observation were
too great for the decision of this question.

The seven retinulae surrounding the pedicel are divided into two
groups composed of four black and three brown cells. The median one
of the three latter is remarkable on aceount of its greater size, and pe-
culiar shape. At the beginning of the laminated structnre of the pedieel,
the axial wall of this cell becomes sealloped, each fold projecting into
the end of a primary plate (fig. 72). I can form no conjecture as to the
meaning of this remarkable structure. If my memory does not fail me,
the same condition prevails in Galathea. The strueture was then un-
known to me, and I failed to give sufficient attention to, or to make
a note of it.

The pigmented collar of the retinophorae is formed by a third
circle of four cells arranged in two pairs, the darker ones forming
the inner, and the lighter ones the outer circle of the collar. Each one
of the inner cells is triangular in shape, the apex being directed out-
wards, and the thickened base inwards. Both halves of the eell are
likewise triangular, but lie in planes at right angles to each other, the
line of union being thickened to form a deeply pigmented ridge (fig. 69),
smallest anteriorly, and increasing in size posteriorly, until it is con-
tinued beyond the base of the cell as a pigmented rod (fig. 78), whieh,
after losing its pigment, is continued still farther inward, to the basal
membrane. as a slender, colorless rod, or bacillus (figs. 79—100, be).
In cross sections of the collar, the halves of the pigment eells are seen
to diminish in thickness at their edges, so that at the intermediate cor-
ners there is hardly any pigment at all; but the calyees are so closely
packed that the thickest part of one pigment cell lies against the thinnest
part of the other, the result being that each calyx seems to be sur-
rounded by a uniformly thick band of pigment, which is better devel-
oped toward the inner edge of the collar than in the opposite direction.
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The outer circle of collar cells has the same shape as the inner, but its
arrangement is different, sinee here the bases and thickest parts of the
triangles are turned outwards instead of inwards (fig. 69). The four
cells of the collar are so arranged that the triangular spaccs, left he-
tween the two inner cells, are exaetly filled by the two outer ones, thus
forming a continuouns, pigmented band around the calyx. The outer
edges of the cells contain, instead of pigment, a mass of refractive gran-
ules, which in transmitted light appear nearly eolorless, but in re-
flected light ave of a faint yellowish-white color, and perfeetly opaque.
The granules produce the same cffect as those to be deseribed in the
cells at the bases of the ommatidia.

The collar cells are continued, as four delicate fibres, outwards to
the surface of the ommatidinm where they produce four minute impres-
sions at each corner of a eorneal facet, or, in case the ends of the retin-
nlae have remained undisturbed, they are scen as four fibres in the
centre of each tube (fig. 76). It may be well to call attention here to
the uncertainty of obtaining these impressions, for in many instances,
I have seen no traee of them; this is due, I think, to the fact that the
inner chitinous layer of whieh the cornea is composed may be removed,
and, consequently, all traee of the delicate impressions be lost. In eross
section through any part of the ecalyx, the bacilli of the collar cells,
of which those belonging to the inner row are the largest, may con-
stantly be seen at their respective corners (fig. 79—81b¢.), an arrange-
ment maintained as far as the outer ends of the style, when the smaller
bacilli gradually ehange their position until each is united with one of
the larger ones, whieh have meantime retained the same direction, in
order to form two pairs, one on each side of the style (figs. 81 and 82).
On the level of the ealyces, the bacilli are situated within the mem-
branous tubes formed by the ends of the retinulae (fig. 71—S81). In
passing between the pedicels, they are eontinued along the median line
of their broader sides, between the paired lateral cells (2, 4 and 3, 3).

Just before the basal membrane is reached, the two pairs of bacilli
approach each other at that side of the pedicel opposite the median,
sealloped cell, and there become fastened to the diagonal bar of the
basal membrane squares, by means of the characteristic, root-like fibres
(figs. 99, 101 and 110 bc! and b¢?). A much better idea of the baeilli, or
cell stalks (which only differ in the amount of development from those
of the outer row of cover cells in Arce, or the inner ends of the pigment
cellsin the retina of Haliotis), maybe obtained by studying macerated pre-
parations, in which the entire baeilli are isolated. In such cases they are
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seen to be elongated, hyaline fibres, with node-like swellings at
various intervals (fig. 111). These bacilli, unless the position and
arrangement had been aceurately determined, might he mistaken for
the so-called rhabdom of GRENACHER, for which in the present instance
we have absolutely no equivalent. That no doubt as to the nature of
the rods can for a moment be entertained, is shown by their root-like,
characteristic ends, and the ease with which , in cross, or longitudinal
sections, as well as in macerated preparations’, one may demonstrate
their continuity with the pigment cells at the outer ends of the ommatidia.
Moreover the size of these rods is so great that they form one of the most
prominent, as well as easily understood objeets in macerated prepara-
tions; they furnish us with a striking proof of the accuracy of previous
studies upon this subjeet, which have failed to reveal the presence of
such prominent and simple structures! This cannot be due to a diffe-
rence in the species studied sinee, in all other Crustacea, as well as in
several types of Insect eyes, I have found that the bacilli play an
equally important part.

In the spaces between the diminished inner ends of the ommatidia,
is a third group of cells, the houndaries of which cannot be distin-
guished, and therefore it is difficult to determine the number helonging
to each ommatidium. The nuelei are arranged at varions niveaux around
the inner ends of the pedicels, seldom far removed from the basal mem-
brane (fig. 73 7). The protoplasm of these cells forms a thick sheath
aroundthe inner ends of the retinulae, and completely fillsthe intervening
spaces. These cells contain a mass of yellowish, fat-like erystals which,
by refleeted light, appear perfeetly white and opaque, forming, along
the inner surface of the ommatenm, a narrow and intensely white band,
perfectly visible to the naked eye. The erystals, which are very simi-
lar to those formed by certain fats, are insoluble in absolute aleohol,
clove oil, ereosote, chloroform, or ether. But a very dilute solution
of caustie potash dissolves them at once, with the formation of a purple
solution. I thought, at first, that the color came from dissolved pigment,
but soon found that that was not the case, for, after a short time, it was
noticed that the formation of the purple solution, instantly produced
by the addition of very weak caustic potash, issued only from those
parts where the crystals were situated, and further, that in a short time
all the white erystals had disappeared, while the pigment remained
unaffected. Morcover the latter was only dissolved by subsequent treat-
ment with mueh stronger caustic potash, then producing a brown, instead
of a purple solution. As already remarked, there is a smaller deposit
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of similar erystals in the outer ring of the pigmented collar of the calyx.
Onobserving these erystalsunder the miceroseope, Lunconseiously recalled
tomind similar erystals, so commonly found in embryo inseets, and whieh
in Blatta 1 eonsidered to be erystals of uric acid. Whether there is
more than a superficial resemblance hetween the two substances or not,
I was unable to determine. When trcated witli caustic potash, one often
sees, in the spaces bhetween adjacent corneal facets, four groups of
fibres, or impressions of the same (tig.75y). Tliey are probably the outer
ends of the basal cells just deseribed, although I have been unable to
trace any connection between the struetures in question. This supposi-
tion, if correct. would fix the number of these eells at four, a number
which agrees very well with that which appears to be present.

The basal membrane in Penaeus has reached an extremely
high stage of complication, and supplies us with facts which lead to
very valuable results; at the same time, it may serve as a type, from
which similar structures in other genera will probably not vary greatly.
Our knowledge of the so-called basal membrane may be summarized
1in the oft repeated statement that it is a membrane provided with
holes for the passage of nerve fibres /the »durchlécherte« membrane
of the Germans'. No attempt to determine the relation between the
holes of the membranes and the superimposed ommatidia has yet heen
made. The fact, that only in this manner one can obtain a definite
knowledge of the innervation of the ommatidium, and, at the same
time, valuable facts concerning their general morphology, has led me
to consider this subject in some detail. The facts have been obtained
in two ways: by tangential sections, and by isolating the membrane by
means of maceration. In both cases it is necessary to dissolve the in-
numerable, fat-like crystals, deseribed above, with dilute eaustie potash.

We will consider first, the structure of the membrane, second, the
arrangement of the ommateal cells upon it, and, third, the bundles of
nerve fibres by which it is penetrated.

The basal membrane consists of a mass of connective tissue fibres,
in certain places so compactly fused as to form hyaline, and apparently
structureless masses, connected with each other hy a network of fine
fibres. Their shape is nearly that of regular Greek erosses, the inner sur-
face being smooth and compact in structure (fig. 107), — while toward
the outer surface their fibrous nature is more clearly seen. The general
shape and combination of the crosses which form the membrane cannot
be better deseribed than by referring to the drawings (figs.106,108 and
110). Throughout the entire membrane, the arrangement and direction
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of the pieces is precisely the same. The inner faces of the arms of the
crosses are continuous with each other by means of a delicate hyaline
membrane (fig. 107), while the faces directed towards the enclosed
squares arc united by a series of fibres extending from the inner to
the outer surfaces of the crosses. Irom the centre of the inner surface
of each cross, a group of fibres projeets inwards, and unites with the
connective tissue cells underlying the basal membrane (fig. 107, ¢. . £.).
The enclosed squares are bridged by a bundle of diagonal fibres
(figs. 106 and 110) which begin at the inner corner of the squares,
as a single, round bar, and, after breaking up into two brush-like
bundles, extend outwards to the opposite corner, there becoming at-
tached along the four lines «, b, ¢, d (tig. 110). These diagonal fibres,
which maintain the same direction in all the squares, are of service
in orienting the arrangement of the ommatidial cells upon the mem-
brane. For convenience, we will call the vertical plane passing through
these fibres the diagonalplane of the eye; it coincides algo with the
long diameter of the pedicel, but its relation to the body, I have not
determined. The inner openings of the squares are not rectangular,
but rounded, and reduced in size by the formation of a circular mem-
brane, thickest at the corners. If now, we study a series of very thin,
cross sections of the inner ends of the ommatidia, we shall he able to
determine the position that each cell oeeupies upon the basal membrane.
Beyond the base of the pedieel, and after the retinulae have formed
the butterfly-shaped figure around the central and almost imperceptible
stalk (figs. 99 and 100), the retinulae suddenly separate, and the cen-
tral thread, increasing in size, soon dissolves into two groups of fibres
(figs. 106 and 1107/, , which hecome attached to the inner surface of the
cross. One group is formed of two separate bundles, while the other is
apparently composed of two similar ones, so closely placed as to form
one figure, the configuration of which still indicates its dual composition.
These four bundles, — of which one may discern the impression upon
the crosses in macerated specimens, — are the four inner ends of
the retinophorae, and the fibres are their root-like termina-
tions.

If one follows the retinulae in the same manner, it will be seen
that after the separation indicated in (fig. 101), the four cells, 4,6,5,7,
unite to form two pairs, each one of which occupies one angle of the cross,
on opposite sides of the diagonal plaune (fig. 106). The three remaining
retinulae occupy that intervening angle from which the diagonal bar
arises, so that two cells are placed on one side of it, and the remaining
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one on the other. The bases of all seven retinulae rest upon the thicken-
ings of the circular membrane filling the inner corners of the enelosed
squares (fig. 110). It now remains to indicate the position occupied
by the inner ends of the four bacilli helonging to the cells constituting
the pigmented collar of the ecalyx. We have seen that, on a level with
the pedicel, they formed two pairs arranged on either side of its broad
face, between the black retinulae on the one hand, and the brown on
the other (figs. $9—93). After passing the pedicels, the bacilli come
to lie outside of the eell group formed by the narrowed, inner ends of the
ommatidia (figs. 95—100), and still nearer the basal membrane they
approach each other nntil inally, they end, in the characteristic manner,
on the stronger inner fibres of the diagonal bundles, in the angle oppo-
site that occupied by the three brown retinulae 7, 2, 3(figs. 106 and 110).

No traces of the inner ends of the basal cells have been found. A
diagram, representing these conditions, and lettered to correspond with
those of the sections at other niveaux, will make this rather econfusing
series of changes more comprehensible. Thus we see that eaeh connec-
tive tissue cross of the basal membrane furnishes the support for asingle
ommatidium, and that both these structures correspond in number.
Moreover, that the distribution of the various circles of cells around
their respective centres is determined by certain planes of division, the
resulting arrangement heing identical in all the units and in all the
parts of the eye.

A knowledge of the hasal membrane and of the arrangement of the
cells upon it has prepared the way for a comprehension of the distri-
bution of nerve fibres to the cells of the ommatidia. In longitudinal sec-
tions, one can easily see that a single, large, pigmented bundle of nerve
fibres passes to each of the openings leading into the square spaces en-
closed by the neighboring crosses: just before reaching thelatter, it breaks
up into four, smaller branches going to the four corners of the square.
Each of these branches divides again into still smaller ones, which
aseend along the inner ends of the cells: the number of bundles for
each corner corresponds with the number of cells there. Thus each of
the eleven cells, whose ends rest in the corners of the squares, is
supplied with a small bundle of pigmented nerve fibres, all of which
have arisen from a single branch. But it will be seen, by consulting
the diagram, that the eleven nerve bundles of each square belong
to four different ommatidia. It is also evident, that the cleven pig-
mented cells of each ommatidium rest in the corners of four different
squares, and therefore must receive their nerve fibres from four
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different, main bundles. Besides the bundles of pigmented fibres,
there are likewise four colorless ones, which, arising from as many
main branches, ascend the four angles-of the cross and extend along
the outer surface of the four retinophorae (fig. 110 2. £.). Lastly, a single,
minute, colorless branch enters the base of the cross just below the
origin of the diagonal bar (fig. 108), and, describing a gentle curve,
issues from the centre of the opposite surface, to be continued straight
upward between the four retinophorae as the axial nerve fibre of
the ommatidium. In macerated specimens, one may see, in the centre
of the cross, the minute eanal, from the round opening of which a small
nerve fibre often projects. On the inner surface of the membrane, the
canal opens into a triangular depression, situated on the very edge of
the cross, at the apex of the angle formed by the two sides (fig. 107
c.az.f.). On consulting the diagram (fig. 108), it will be seen that
the axial nerve fibre comes from the left hand bundle, as does also a
group of fibres for the outside of one of the four retinophorae, the re-
maining three of which are supplied from the three surrounding
squares; consequently the retinophorae are provided externally with
nerve fibres from four main branches passing through four different
squares. The retinulae of each ommatidium are similarly supplied
from three different branches, while the four bacilli of the pigment
cells receive their nervous supply from one and the same bundle.
The diagrammatic figure (fig. 108), represents a longitudinal section
of the basal membrane, fig. 106, a tangential section of the same, and
finally, fig. 109, sections through one of the nerve bundles just beneath
the basal membrane; they are supposed to represent the cells of the
same ommatidium with their nerve fibres, and consequently are desig-
nated with corresponding letters and figures, easily understood by re-
ferring to the explanation of plates. Thus, although the ommatidia,
basal membrane crosses, and enclosed squares, as well as the principal
nerve bundles, coincide in number, each ommatidium is supplied with
nerve fibres from four different bundleg, or, conversely, each
main bundle, instead of supplying a corresponding ommatidium,
divides into sixteen groups which supply the cells of four different om-
matidia.

In macerated specimens, it is not a difficult matter to follow the
nerve fibres of each cell along its entire length. One always finds se-
veral fine fibres twisted about the bacilli, on account of their greater
size, more easily seen at the inner ends, where they may be observed
in cross sections, or in the isolated cells (fig. 111). They may be
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followed out to the pigmented ends where, on account of their exces-
sive fineness, they disappear. The mnerve fibres of the retinulae
cling closely to the wall of the cell, whieh they follow as far as the
nucleated portion, where they become confused with those of the outer
wall of the retinophorae. Those of the latter are the most important,
and may be traced along the outer walls of the retinophorae, surround-
ing the style and pedicel with a number of longitudinal fibres coutinned
outward over the surface of the ealyx (fig. 71 ez.n.f.). The axial
nerve extends from the base of the retinophorae, through the pe-
dicel and the central canal of the style (figs. 70 az.f.), into the
calyx, between the four segments of the erystalline econe. In cross sec-
tion, it is most easily seen at either end of the pedicel (fig. 94—96), or
in the lower parts of the calyx. The conditions for the study of the
ramifications of the axial fibres to form the retinidinm in Penceus are
not favorable, and therefore my observations in this respect are not as
complete as I desired. Still, one may see enough to be convineed that
the same prineiple prevails here as in Manfis. Those parts of the calyx,
not oceupied by the erystalline cone, or by the lateral thickenings, seem
to have been filled with a fluid, in which probably existed a network
of nervous fibrils, similar to those forming the retinidium in Arce and
Huliotis. One may find positive evidence of it, however, in the fact that
the lateral thickenings are marked with extremely fine, and nearly
straight, eross lines,which I consider to be parts of the retinidinum, better
preserved by being imbedded in the more ecompaect substance of the
lateral thickenings. Moreover, in the softer portions of the erystalline
cone, the same strueture may be seen (fig. 79 and S07. It is therefore
probable that the whole space enclosed by the outer walls of the four
retinophorae, or the cavity of the calyx, is filled with a mass of radiat-
ing nerve fibres, which are better preserved in those places where the
substanee filling the calyx has hardened to form the lateral thiekenings,
or the centrally placed erystalline eones. It is also probable, from
theoretical eonsiderations, that the system of superfieial fibres, distri-
buted over the wall of the ealyx, communicates with the eross branches
from the axial nerve, just as in Pectern and Aree. In the outer ends
of the erystalline cone, in that part which is densest and most hyaline,
I have not heen able to observe anything like cross lines or fibres.

Galathea, Palaemon and Pagurus.

After completing my observations upon Penacus, I desired to make
similar studies upon typical genera from the various families of Crns-
Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 43
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tacea, but neither time, nor the limits of this paper (alrcady longer
than I originally intended;, have allowed me to carry out the plan.
Still, I have made a number of observations upon the eyes of the above
named genera, concerning the most important points 1 desired to il-
lustrate, and which, although by no means so complete as those upon
Penaeus, still, as far as they go, fully confirm what I have already
deseribed for that genus. A more complete deseription of the ommatidia
will be reserved for some future time.

In all three genera, one may casily demonstrate the presence of
the corneal hypodermis, the general characters of which differ but little
from those of Penaeus. In both Palaemon and Pagurus there are two
peripherally placed nuelei for each quadrilateral facet (Pl 31, fig. 115
n.c.k.). In Galathea, however, there is a remarkable modification of
these cells to form, for cach ommatidinn, an iris with a slit-like cou-
tractile opening, the walls of which may be expanded by means of
radiating, contractile tibres, attached to the periphery of the cells (P1. 31,
fig. 114). The iris is formed of the two cornealhypodermic cells, the very
indistinet nuelei of whieh are situated so close together, that they often
appear like a single oval hody, placed exactly over the eentre of the
hexagonal facets, instead of on the periphery. The cell protoplasm is
thickened into two opaque, triangular curtains enclosing a elear, slit-
like space, in the centre of which are situated the two nuclei. When
the closed iris is observed from below, in surface preparations, onec
sces simply the thickened edge of the adjacent eell walls enclosing a
very narrow, central gspace. In an open iris, prepared in the same
manner, the free edge of the triangular curtain, which otherwise pro-
jects inwards between the slightly expanded outer ends of the retino-
phorae, is seen to have been drawn towards the periphery of the cell,
thus enlarging the eentral opening, or pupil, and also affording a better
view of the shape of the curtain (fig. 114 cw.) ; the latter is composed of a
granular protoplasm, filled with what appear to be vacuoles of varying
size. The edge of the eurtain is continuous with many fine, radiating,
protoplasmic fibres, whieh, at their opposite extremities, unite with a
thickened, peripheral ring of protoplasm, 2.

In surface preparations, made as described for Penceus, the iris
of each facet may De seen in various stages of expansion and contrac-
tion. The two nuclei, placed in the centre of the opening, are extremely
transparent and refractive, and these facts together whit their lenticular
shape might lead one to consider them as minute lenses. The curtain
of the iris, in the living condition, is probably filled with fat globules,
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which, being readily soluble in aleoliol, produece the vacuolated ap-
pearance deseribed above; they would tend to make that part of the iris
opaque. thus facilitating its funection of modifying the intensity of the
light.

In Galathea, as well as in Pagurus and Palaemon, 1 have suceeeded
in isolating, by maceration, the style of the retinophorae, which
was continuous, at one end, with the four segments of the
calyx, and, attheother, withthe fourrows of platesconstitut-
ingthe pedicel. Inthe centre of the style, the four hyaline stalks of the
retinophorae are inseparably united to form, as in Penceus, a tube, which
near the pedicel has again the tendency to divide into four segments
(tig. 117, P1. 31). There can he no doubt that the calyx, style and
pedicel (orthe Krystallkegelzellen and rhabdoms of GRENACHER), are
continuous parts of the four retinophorae, a fact that is fatal to Gre-
NACHER's theory that the Krystallkegelzellen (or what corresponds to
my calyx of the retinophorae) are homologous with the cells of the
vitreous body in Spiders and Myriapods. There are hesides several
other insurmountable objeetions to this theory, rendering it no longer
tenable. The real homologues of the vitreous eells of Myriapods, Spiders
and Hexapod ocelli, are those of the corneal hypodermis, which
I have been able to detect in all the genera that I have examined,
and whieh without doubt must be considered to be universally present!

For example, I have found the corneal hypodermis present in
Musca, Mantis, Branchipus, Penacus, Palaemon, Pagurus and Gealathea.

The number of the retinulae in Paleemon, Galathea, and Pagurus
is seven. the same as in Penweus, but the nucleated portions, instead of
being situated close to the inner end of the style, are extended outwards
as far as the neck of the calyx. The four outer pigment cells form a
dense blaek eircle, just above the former, and are continued outwards
toward the cornea, as well as in the opposite direction, as slender pig-
mented rods, which in the latter ease become reduced to the colorless
and hyaline bacilli, and are continued, as such, up to the basal mem-
brane.

The calyx of Galathea is very favorable for the study of the nerve
fibrillae which there form the retinidinm. For this purpose, I
have prepared the cells by the same method usged to dissolve the cuti-
cular substance of the rods in Haliotis. 1t also gave very good results
here, but did not dissolve the crystalline cone. In such preparations,
one could follow the external, longitudinal nerve fibres surrounding the
style, as well as the central, axial fibres (Pl. 31, figs. 131 and 132) up
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to the calyx, where the former became continued into the centre of the
crystalline cone, while the latter, spreading out over the wall of the
calyx. form a complete network of nerve fibrillae: the latter branch, in
pretty regular order, at right angles from the larger longitudinal ones,
and then unite to form a continnousnetwork of superficial fibres (figs. 129
and 130).

One finds in Galathea the same abaxial thickenings, (four}, of the
calycal wall, as in Penveus, and can readily distingunish in them the eross
fibrillae, which have exaetly the same appearance as those in the rods of
Pecten. In eross seetions, it can, in some cases, be seenwhere these fibres
are continued across the cavity of the calyx to the crystalline cone. 1t
is extremely difticult to prepare the crystalline cone in such a manner
that the radiating cross striae can be seen. In some cases, the cones
remain perfeetly transparent and apparently structureless: in others,
one may succeed in detecting the striae, especially towards the inner
ends ot the cones, which there appear to be less dense. In Pagurus,
however. 1 have suceeeded in obtaining the clearest insight into the
structure of the erystalline cones. Here they are less hyaline, and the
striae may be seen without speeial diffieulty.

In all these genera the pedieels are composed of two sets of plates.
the fibres in one of which are at right angles to those of the other. The
plates themselves appear to fit into each other in the same manner as
those of Penacus.

In the last named genus. the division of the corneal facets into
halves, produced by the impression of the two underlying cells, was
so faintly marked that one might he tempted to doubt its meaning, if,
in other eases, there did not exist such positive evidence to the contrary.
In Galathea, the division of the facets is so plain, and corresponds so
exactly with the outlines of the corneal cells. that there ean be no doubt
that the latter, and not the Krystallkegelzellen, as GRENACHER believes,
giverise to the facets of the cornea. Indeed I have observed two instances
in which a facet was composed of two perfeetly distinet parts,
cach one of which corresponded with the underlying corneal cells
(PL. 31, fig. 116, «'. In fig. 114, the divisions are represented as
extending from one angle of the facet to the opposite one. This how-
ever is very exceptional, for in by far the majority of cases it extends
from the middle of one wall, to a corresponding point in the opposite
one (fig. 116). This line of division, whatever its direction may be,
compared with the periphery of the facets, always lies direetly over
the adjacent, median walls of the two corneal cells.
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Brauchipus and Orchestia.

I have had the pleasure of examining some well preserved
eyes of Branchipus Grubil, prepared during my stay in Leipzig. The
four nuelei of the retinophorae are located at the outer ends of the cells,
over which they form a kind of eap . situated in a thickening similar
to that found in a eorresponding position in the eye of Penacus. The
corneal hypodermis is well developed and consists of a layer of inde-
finitely arranged cells upon the inner surface of the unfaceted cornea.
The style of the retinophorae forms a spindle-shaped tube, largest near
the outer ends of the retinulac, and decreasing in diameter towards
cither extremity; the outer end becomes directly continnous with the
ealyx, while the slender inner one rests upon the basal membrane.
The tube, within which may be seen the axial nerve fibre, is laterally
flattened , the two narrow walls being much thicker than the broad
ones. The eross nerve fibres within the ealyx, together with the super-
ficial ones upon the walls of the same, may be seen here just the same
as in Galathea, Penaeus ete. from which they do not differ to any notice-
able extent. The four lateral thickeningsseen in the calyx of Galatlea,
and the outer row of pigmented eover eells (and of course the bacilli,
or their stalk-like ends), are absent in Branclipus.

In Orclestia, 1 have also seen in macerated speeimens the same
nervous network upon the surface of the calyx, althongh I was unable to
detect cross striae in the erystalline cones. Along the wall of the calyx,
which is almost eompletely filled by the erystalline cone, may be de-
tected several comparatively large, longitudinal fibres, from which a
great number of irregular, smaller branches arise.

A valuable confirmation of my opinion, that the corneal hypoder-
mis is the very much modified and reduced layer of similarly named
cells in the eyes of Myriapods and Spiders, was found on examining
some seetions of embryo lobsters which were just ready to escape from
the chorion. Here the eells formed a broad and very distinet layer,
separated from the underlying ommatidia by an extremely delicate
membrane. An exactly similar condition was found in the eyes of larval
Penaeus, or an allied genus. In both cases, the development of the
larval euticular hypodermis was much greater than in the adult, where
it is reduced to an almost unrecognizable thinness. Moreover, the nuclei
of these cells stain more deeply, and consequently are more easily re-
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cognized, in the larval, than in the adult condition. These two facts
indieate that the cutieular hypodermis must have once constituted a
more important and conspicuous part of the eye than at present.

Mantis religiosa.

The thick cuticular covering of the eye is divided into hexagonal,
biconvex facets, the inner surface being more strongly arched than
the outer. They are divided into a hard, homogeneous. outer layer
(fig. 115¢), and a thicker. less refractive, inner one, composed of a great
number of thin, superimposed layers having the same curves as the
outer surfaces of the facets. The latter are separated from each other
by a thin layer of chitinous substance, the refractive index of whiceh is
different from that of the facets (fig. 115). On the periphery of the inner
surface of the latter, are two small nuclei ¢.Z., around each of which is a
rather large, triangular space, filled with protoplasm, diminishing quite
rapidly in thickness towards the centre of the corresponding facet. I
have only been able to study these nuelei in sections, since the fresh
material at my command was not sufficient for maccration. It is only
by the latter method, by which one may isolate large portions of the
eorneal cuticula with their underlying nuelei, that an adequate knowl-
edge can be obtained of the number and arrangement of these cells,
to which the corneal facets owe their origin, and which form a eon-
tinwous and distinet layer, — the corneal hypodermis, — between
the cutieula and the ommateum. The latter is composed of a number
of ommatidia, each one of which, in turn, consists of four central
retinophorae surrounded hy several rows of pigment eells. The outer
ends of the retinophorae are greatly enlarged to form the calyx,
which contains the retinidinm. The two inner thirds are reduced to
a narrow tube, the style, whiech nearly corresponds with the so-
called rhabdom of GRENACHER.

The calyx is surrounded by a layer of vellowish brown pigment
cells, the nuelei of which are so arranged that it is diffieult to determine
their number, but they appear to form two, rather indistinet rows. In
longitudinal seetions, it is only oceasionally that one sees isolated, oval
nuelei high up, between the retinophorae, as in fig. 118, pg!. But in the
large space, formed by the eonstrietion of the inner ends of the calyees
are several large nuclei, varying considerably in size, and undoubtedly
belonging to the yellowish brown pigment eells. These cells do not
show any distincet constrictions, and it is therefore difficult to determine
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their exaet number or shape. Judging from the nuelei, there are at
least six brown pigment eells for each ommatidinm. Two prominent,
black pigment cells completely surround the neck of the calyx. In
longitudinal seetions, or in isolated preparations, it is seen that their
expanded and deeply pigmented inner extremity ends squarely, and
containg a round nueleus: in the opposite direetion they become thin
and narrow, and the pigment, which is diminished in quantity, finally
disappears (fig. 118, pg.3. The style of the retinophorae is completely
enclosed by seven retinulae, whose outer ends, in which the nucleiare
situated, are completely impregnated with nearly black pigment, while,
towards the inner ends, the axial faces alone are colored in this manner.
Three of these cells are longer and more deeply pigmented than the
others, so that a cross section of the ommateum, just below the calyx,
shows only the ends of these three cells arranged as in fig. 123; at the
very ends they arc broad and thin, increasing in thickness, inwards.
All seven retinulae formalong double cone, whose greatest diameter is in
the part where there is the most pigment.

The spaces between the inner ends of the ommatidia are oceupied
by irregular, slightly pigmented cells, containing oval, and distinctly
visible nuelei (fig. 118, ).

Numerous, fine, tracheal branches, ¢, are found between the
ommatidia.

The ommatidial layer of the eye rests upon an enormously thicken-
ed, connective tissne, hasal membrane, which forms a thick, sieve-
like layer permeated by canals, corresponding in number with the
ommatidia, and through each of which passes a bundle of pigmented
nerve fibres. The outer surface of the basal membrane, upon which
rest the inner ends of the ommatidia, is well supplied with pigment,
which obscures its finer structure. The inner surface is thickened and
forms a sieve-like membrane, which stains deeply in haematoxylin, and
might easily be mistaken for a true basal membrane (fig. 127, a.c.). The
latter is composed of more compactly united, connective tissue tibres,
and is sharply defined on its outer surface, while on its inner, the tibres
of which it is composed hecome continuouns with those irregularly en-
circling the numerous »nerve channels«. Towards the periphery of
the eye, this massive membrane, which contains many nuelei,
becomes thinner, and, finally, at the beginning of the ordinary hypo-
dermis disappears. The rounded outer ends of the retinophorae, where
the four large, oval nuclei are situated, contain a very thin, watery
fluid; anything equivalent to a erystalline cone being absent. The walls
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of the calyx are finely striped, as though covered with quite regularly
arranged fibres (fig. 118).

The calyx is divided into four ¢chambers by the inner walls of the
four retinophorae (fig. 119); near its inner end two of the walls dis-
appear, and consequently the retinidium is divided into halves, the plane
of division passing through the two pigmented cells, pg.? (fig. 121). Finally»
these walls also disappear, at that point where the calyx is transformed
into the style (fig. 122). Although the axial walls of the retinophorae
have disappeared, the abaxial ones, which form the calyx, continue as
a closed and narrow tube, the style, as far as the basal membrane. The
same method of innervation is to be found here as in the Mollusea and
Crustacea; each cell is provided with a number ofnerve fibres, extending
its whole length, and elosely applied to its outer surface. By the
concrescence of the retinophorae, the nerve fibres of the adjacent wallg
did not disappear, but came to lie in the centre of the group; as the union
became more intimate, theinner walls disappeared entirely, and the nerve
fibres became as completely enclosed by the united cell walls as though
they had developed within a single cell. With a good oil immersion. it
may be seen, withoutspeeial difficulty, inproperly prepared material, that
the axial bundle of nerve fibres thus formed occupies the eentres of the
narrow tubes produced by the nnited stalks of the fonr retinophorae

fig. 128). The conditions for observation are so unfavorable at the
inner end of the style, that the narrow tube with its central fibre is with
diffieulty distinguishable; but at the outer end, the tube is considerably
enlarged, and the axial nerve bundle is seen to consist of four distinet
fibres, which themselves are probably composed of numerous smaller
ones (fig. 124). Just beyond the narrow neck of the calyx (fig. 128),
the four bundles of nerve fibres break up into innumerable hranches,
which follow the median partition for a short distance and then separate
to form four groups, each one of which passes through the middle of
one of the four chambers of the calyx (figs. 121 and 119). From each
of these fibres, are given off innumerable horizontal fibril-
lae, which fuse and interlace with each other to form a com-
plete nervous network, distinguishable only in the most
carefully prepared material. The best method of preparation is
the one I have already deseribed for Pectex, i. ¢. treatment for about
half an hour in chromie acid, 1/;9/,, at 45° Centigrade. The following
day, one may pick to pieces with needles, and examine in acetate of
potash. By this method, the most beautiful results are obtained, for it
very often happens that the whole retinidium may be isolated
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ag a spongy-like core, in which the longitudinal fibres with their
cross branches may be seen with perfeet ease. It is not within my
power to give, by means of drawings, an adequate idea of the marvel-
lous complexity, yet at the same time wonderful clearness and gimplie-
ity, of this structure, which at onee furnishes sueh a eomplete proof
that the seat of vision is located at that place, as it has seldom heen
the lot of a student to experience, in an equally difficult subject. See-
tions of another eye, prepared at the same time in this mauner, show
essentially the same sirueture. except that many of the finest fibrillae
have become so strongly varicose as to disguise their real nature; under
unfavorable optical eonditions, a mass of fine granules are seen, with
comparatively few, distinetly visible, eross fibres. But even then a carc-
ful examination would not fail to disclose the same general structure
that is so plainly visible in the disseeted eyes. However indistinet the
cross fibrillae, at times, may be, the four central bundles always remain
visible. In cross sections of the hollow style, may be seen, with a
distinctness that leaves no doubt in the mind, very fine fibres radiating
from the axial bundle towards the periphery (figs. 128, 124 and 125).
The effect is similar to that seen in cross sections of the retinidia of
Pecten.

If a cross section of the retinidium of Mantis be compared with one
of Penaeus, Arca, or Galathea, a slight difference will be observed : In
the last three, the axial nerve bundle remains exactly in the central
axis, between the adjacent walls of the four eells. In Mantis, there
are four bundles, one inside of each eell; this can only be explained
by the fact that, at the inner end of the calyx and indeed through-
out the whole length of the style, the axial walls of the four eells
have disappeared, and thus the way was left open for the fibres
to pass into the centre of each cell; this is evidently a elear gain in
the distribution of the horizontal fibrillae, and may possibly account
for the absence of a erystalline cone. The wall of the style is surround-
ea by six nerve fibres, which appear in cross sections as so many
small dots (figs. 125 and 124). They may be followed as far as the
neck of the calyx, where they disappear, breaking up into numerous
smaller branches, continuous with those inside the calyx by means of
minute eross fibrillae. Towards the outer end of the ommatidium. the
retinulae are easily seen to consist of seven distinet eells, elosely sur-
rounding the style; towards the inner ends, the space enclosed by the
pigmented axial faces of the retinulae, remains about the samne, while
the enclosed style with the six nerve fibres becomes smaller and thus
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gives rise to a pigmentless area between the style and the retinulae
(fig. 125). Whether that is the normal condition, or an artificial product of
the reagents used, I am unable to say. The retinidium, besides being
enelosed in the ealyx, is also surrounded by a somewhat thicker and
structureless membrane, the retinidial sheath, formed by the
nnited outer ends of the seven retinulae, whieh are continued outwards
to the surface of the ommatidial layer as thin eell walls. The abaxial
face of cach retinula is provided with a number of longitudinal
nerve fibres eonnected with eaeh other by numerous, minute, eireular
ones fig. 118). Around the retinulae are several hacilli, the number
of which for each ommatidinm I was unable to determine with certainty,
but I have eonnted cight in several instanees, and think that that is the
normal number. They are much larger than the nerve fibres and are
undoubtedly the inner, stalk-like ends of the outer pigment cells, with
which they should eorrespond in number. They are round, colorless
and refraetive rods. surrounded by nerve fibres; the inner ends, which
rest on the basal membrane, expand into several root-like fibres, a
proof that they are the modified inner ends of hypodermic cells. The
nerve fibres surrounding each baeillus, supply the outer pigmented ends
of the same. The bacilli may be followed in longitudinal seetions as
far as the outer ends of the retinulae, but, oceasionally, one is seen to
extend as far as the inner row of uuelei of the brown cells (fig. 118,
b. py); they probably helong to those pigmented cells, the nuclei of
which may he seen between the outer ends of the calyces.

Through each canal in the basal membrane, passes a bundle of
nerve fibres which are pigmented towards their outer ends. Whether
the same breaking up of the nervous hundles to supply four different
ommatidia takes place here, as in Penaeus, or not, I am unable to say,
since the material at my disposal was neither sufficiently abundant,
nor favorable for the observation of such minute details. At all events,
the fibres . or groups of fibres, may easily be seen passing to the indi-
vidual cells whieh eonstitute the ommatidia; they may then be followed
along the whole length of the same, either in ecross or longitudinal
sections, or in the disseeted and isolated eells.

Chapter IIL. General Remarks on the Mollusea.

The term ommateum was first introduced by LANKESTER to de-
signate all the soft parts of the Arthropod eye, with the exeeption of the
cutieular lens. CarriEre adopted this term, and added that of omma-
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tidium, to designate the individual eyes of which the Arthropod omma-
tewn is composed. According to my own reseaches, the structure and
morphological signification of the latter term is entirely different from
that aseribed to it by my predecessors. Two difficulties have presented
themselves, either new terms must be invented to designate whatLcon-
sider to be the real unit of the Arthropod, or in faet of all eyes, or the
meaning of the old, must be extended to suit my eonception of the
strueture. 1 have chosen the latter course, the less of the two evils.

By the term ommatidium, T shall designate those constructive
elements of all eyes consisting of single (?, or compound, colorless cells
the retinophorae, smrrounded by one or more circles of pigmented
ones, or retinunlae.

A typical Molluscan ommatidinm consists of a double, colorless
and, in some cases, gland-like cell, the retinophora, containing two
nuclei and an axial nerve fibre. The external surface of the retinophora
is provided with nerve fibres, which at the outer ends of the cells break
up into numerous fibrillae directly continnous with similar ones from the
axial nerve. This network of eross fibrillae, the retinidium, is nsually
supported by a cuticular secretion, or rod, of the retinophora. The latter,
except in the retinated types, always contains a number of refractive
globules which serve as a kind of mirror, or argentinula, for cach rod, so
that the rays of light are reflected back again, passing a second time
through the retinidium. The retinophorae are surrounded by a cirele of
pigmented cells, which may also be provided with nervous retia termi-
nalia imbedded in a cuticular secrction; but these cells are in all
cases single and contain no axial fibres. In the simplest condition, the
terminal nerve fibrillac of the retinophorae, of the pigment cells, or
retinulae, and of the adjacent, unmodified epithelial cells, form a con-
tinuous nervous network.

The retinophorae, in all the varied stages of their modification,
are distinguished by their pointed inner ends drawn out into the axial
aerve fibre, and by the presence of two nuclei; one is faint and difficult
to observe, while the other is large and oval, stains sharply but not
deeply, and always contains a nucleolus.

The retinulae end in several root-like fibres resting upon the
basal membrane. Their nuclei are comparatively small, stain deeply
but not so clearly and sharply as those of the retinophorae, and, as far
as I have observed, never eontain nucleoli.

The retinulae may be transformed into ganglionic cells, which,
in the ecarly stages. migrate inwards leaving the retineum, with
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which they remain in connection by a nerve fibre, or,in the later stages,
they may be converted »in situc into ganglionic cells which never leave
the retina (P1. 32, figs. 139 and 140;.

Animals provided with the simplest ommatidia may possess an
extraordinary sensitiveness to changes in the intensity of light, as wit-
ness Avicula. An epithelium provided with such ommatidia is seldom,
or never, perfeetly smooth: it is thrown into innumerable folds which
usually run at right angles to the course of the greatest amount of light
The folds serve a double purpose; first, of inereasing the light sensitive
surface, aud second, of bringing the ultimate nerve fibrillae, which are
in general tangential to the surface, as nearly as possible at right an-
gles to the rays of light coming from various directions.

Here, then,we have the couditions which shall determine the nltim-
ate strueture of the incipient visual organ. In the folded portions of
the ommatidial surface, a double advantage is gained: first, a protection
for the retia terminalia supported by the cuticula; and, second, a par-
tial exclusion of lateral rays of light, so that both the retinidia of the
pigmented, as well as of the colorless cells, may become functional.
In the convex type of eyes, the pigmented cells lose their terminal nerve
fibrillae, and serve solely to surround the radiating retinidia of the retino-
phorae in such a manner that each one shall receive only the vertical
rays of light. In all convex eyes, the so-called faceted structure is a
necessary consequence of the law that the perfection of a visunal
organ depends upon the degree to which lateral rays of light
are excluded from the retinidia, and upon the degree to
whieh the ultimate fibrillae of the latter have become per-
pendicular to the rays of light. In convex eyes with radiately
arranged omnatidia, the protection of the retinidia from lateral rays
can only be accomplished by the isolation of the individual retinidia,
a function to which the pigmented retinulae have beeome subordinate;
in the same proportion, the retinophorae become the more essential ele-
wents. The rapidity with which the latter assume the supremaecy is,
without doubt, due to their axial nerve fibres, so well adapted to the
most economie distribution, over a given area, of radiating fibrillae. 'T'o
this may also be added their refractive and granular contents, acting
as mirrors, which reflect the light that has once passed the retinidia,
and causc it to pass a second time through the retinidial fibrillae.

The absence of pigment in the retinophorac, even when its pres-
ence would not interfere with the accession of light to the retinidiz, is
a fact worthy of consideration. That it must have an importance hardly
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exceeded by that of the nerve fibres themselves, is shown by the con-
stant! absenee of granular pigment in all retinophorae, from the sim-
plest isolated ones, to the most speeialized.

It is not impossible that the retinophorae originated from simple
gland cells, which had the advantage over the pigmented ones in that
the rays of light would be reflected outwards again, by the colorless
and refractive contents underlying the retia terminalia; pigment would
absorb, not reflect, light. But I am inclined to regard the refractive
clobules as being seeondarily acquired by the colorless eells, since in
the Coelenterata they are absent. The remarkable constaney with
which similar gland-like eells are associated with the sense hair papillace
of the Mollusea, the sense organs of the lateral line, and organs of
taste in Vertebrates, indicates that these gland-like cells have some-
thing more than a casual connection with organs of special sense.

In the invaginated forms, the shape of the eye determines, to a
certain degree, the direction of the rays of light, and we should expeect
to find in the simplest eyes of this type that both retinulae and retino-
phorae eontribute nearly equal parts to the formation of the retinidia;
and, indeed, sueh is invariably the case in the simpler formsofMollusean
eyes. According as these invaginate eyes become more highly devel-
oped, — a process aceompanied by the narrowing of the pupil together
with the addition of some refractive body, as the lens, — the direction
of the rays of light becomes definitely fixed, and the fibrillae of the
retinidia assume a more perfect radial arrangement, in overlying planes,
around the larger nerves fibres.

In the simplest Mollusean eyes, the arrangement of the fibrillae is
not of great moment so that hoth retinophorae and retinulae may pro-
duce rods; but in the more perfeet organs, as those of Cephalopods,
Heteropods and Pecten, the retinophorae, owing to the advantageous
arrangement of their axial nerves, alone develop rods.

The visual organs of the Mollusea may be divided, aceording to the
arrangement and modification of the ommatidia, into four types: the
diffuse, the invaginate, the faceted, and the pseudo-lenti-
culate type, representing the threc modifications of light sensitive
surfaces, i. e., a retineum, ommateum and a retina.

The Mollusea is the most interesting group of animals we know
of. as far as visual organs are concerned, sinee it contains all types of

I In Cephalopods, Nautilus and Sepiu, there appears to he an exception, in
that the so-called sense cells are somewhat pigmented.
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sueh struetures known to exist. Even in one genus, as Arca, one finds
innumerable examples of the diffuse, the invaginate, and the evaginate,
or compound eye.

The isolated ommatidia, eonstituting the diffuse form, seem to be
present in nearly all of the Lamellibranchiata, regardless of whether
other and more perfect eyes are present or not. In the Gasteropods,
their presence has never been demonstrated, but from the rudiment-
ary character of some of their eyes (Pafella, Helix, Haliolis, ete.),
there can be no doubt, that in the well developed pigmented areas of
these animals, there are also isolated ommatidia similar to those of the
Lamellibranchiata.

The ehromatophores of the Cephalopods offer strikingsresemblances
to the isolated ommatidia. BLaxcnarp (70) has shown that they develop
as single, colorless cells surrounded by pigmented ones. If we suppose
that these embryonic organs arc ommatidia, and that the colored cells,
or retinulae, should assume the features so characteristie of the pigment
cells in certain Coelenterata, Crustaeea, and embryo fishes, i. e. amoe-
boid arms and contractility, the ommatidia would then he transformed
into chromatophores. Their original funetion as ommatidia, and conge-
quently the intimate relation they bore to the light, would prepare the
way for their transformation into their present condition. In the La-
mellibrauchiata, the isolated ommatidia are found prineipally in those
pigmented areas exposed to the direct rays of light, that is, on the edge
of the mantle and tip of the sipho. In the former region, on the bhran-
chial side of the ophthalmic fold, the ommatidia tend to form into groups,
covered with a slightly thickened cuticula, on the surface of rounded
summits or elongated ridges, or upon the floor of shallow grooves or
cireular pits. Although in these cases the cuticula shows no traces of
a division for each underlying cell, it may be divided into two eontin-
nous layers; avery thin, strnetureless, onterone. or cornealenticula,
and a thicker, less compact, inner one, the retinidial euticula, filled
with the fibrillac of the retia terminalia (P1. 32, fig. 130).

In general, the ommatidia seem to be seattered about indefinitely
over the pigmented surface of the mantle, but the irregular folds in the
epithelinm offer certain advantages which are seized upon by the om-
matidia, causing them to develop more rapidly in those regions with
the most folds.

The invaginated eyes of Arce may easily be proven to have origin-
ated from the pigmented furrows, or pits. Did the faceted, or evaginate
eyes, originate from the pigmented summits and ridges, or by a modi-
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fication of the invaginate eyes? Althoygh I would not entirely exelude
the former possibility, [ have only found evidenee in favor of the latter.
As far as we know, only Areq, Pectunculus, and possibly the aneestral
forms of Pecten, were supplied with evaginated, or faceted eyes, while
all other Mollusea possess only the invaginate types. We may mention
the following facts in favor of the supposition that the faceted eyes are
modifieations of the invaginated ones. The latter are found in all stages
of development, large or small, deep or shallow, round, oval, or elong-
ated. If now the faceted eyes were formed from the summits and ridges
separating the pits and grooves, we should expect to find a series of
intermediate forms, parallel with those of the invaginate ones. But this
is not the case, for the faceted eyes are usually of a large and coustant
form, sunken in pits more or less shallow aceording to the development
of the eye. It is very rarely that one finds small faceted eyes eomposed
of two or three ommatidia. Morcover there is a tendency on the poste-
rior portions of the mantle to produce intermediate forms between the
faceted and invaginated types. Finally the faceted eyes are only found
in drca, Pectunculus and probably the ancestral forms of Pecten, while
all other Molluses are provided only with the invaginate types. These
faets render it probable that the latter are the simplest and aneestral
forms, from which the faceted ones have arisen by an evagination of the
pits. accompanied by the degeneration of the pigment cells into protec-
tive ones, while the retinidia of the retinophorae have developed in a
corresponding degree (Pl. 32, figs. 132 and 133). The faceted structure
of these convex eyes is, ag we have already said. a nccessary result
of the radial arrangement of the retinidia, upon whose fibrillae it is
necessary for the rays of light to aet at right angles.

In the shallow grooves on the mantle edge and at the base of the
siphonal tentacle of Lamellibranchiata, as we have already remarked,
the euticula forms a continuous layer, the inner surface of whieh, the
retinidial cuticula, is filled with a thin stratum of tangential nerve fibres,
the retia terminalia. Inthe deeper grooves, or in the less developed
invaginate eyes, the cuticula is considerably thicker, and its inner layer
shows a tendeney to form, over each cell, a cuticular cylinder, or rod,
containing the terminal fibrillae of the nerves surrounding cach eell.
As the divisions between these ecutieular eylinders be-
come more and more marked, so also the nerve fibres in
them assume amore constantrelation, giving rise to the
retinal rods, cach of which contains a specialized portion
of the retia terminalia, the retinidinum. The corneal euti-
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cula remains as a thin, structureless membrane covering the outer
ends of the rods (PL 32, fig. 132). These organs constitute the simplest
invaginate eyes, such as are found in Arca, Patella etc. An advance
in the structure of such an e¢ye is made by an increase in the depth of
the optic eup and in the size of the retinidia, accompanied by a reduction
in the size of the opening, or pupil of the eye. What seems to have
heen an incidental result of the deepening of the optic cup was an in-
crease in the thickness of the corneal cuticula, which may be followed
in its growth in various genera of Gastcropods until, finally, it complete-
ly fills the optic cup. A discussion of the cffect which a constantincrease
in the thickness of this refractive substance until it entirely fills the
cavity of the eye would have upon the rays of light entering the pupil,
would lead us too far into physiological grounds, for this paper. The
general result would be, first, to incrcase the number of direct and re-
flected rays of light falling upon the floor of the optic cup: second, to
exclude the outer walls more and more from the light, until finally only
direct rays fall upon the inner wall of the cup. Either a central, or
external part of the enlarged corneal cuticula, or vitreous body, be-
comes hardened into a rounded, or lenticular body to form the lens.
According as the inner wall of the optic cup becomes more ex-
posed to rays of light whose direction is more and more fixed and con-
stant, so a corresponding change in the structure of the rods will appear,
in that they become more sharply and regularly defined, the fibrillae
of their contained retinidia showing a more perfeet cross arrangement,
and conscquently being more perfeetly at right angles to the rays of
light. The more complete the arrangement of the retinidial fibrillae.
just so much greater will be the effect of this uniformity in direction
upon the cuticular substance of the rods supporting the fibres, until .
finally, the so-called lamination of the rods. due tothe
perfectly radial arrangement of the retinidial fibrillae,
isproduced. My own observations only extend over those Gastero-
pod Mollusca (Zlaliotis and Patella) in which the cye is very imper-
fectly developed. In the higher forms, the observations as yet made
arc too incomplete to allow a definite conclusion concerning the structure
of the rods and their origin.  According to HILGER, they consist of a
sheath and core, formed respectively by the pigmented and colorless
cells. A rod of that composition has no resemblance to any similar
structure of which we know, and eannot be compared in any way
with the rods of other Mollusca. I believe that Hincer has formed
a false conception of the rods in Gasteropods. It seems much more
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probable, from my own studies and from what I can gather from his,
that both pigmented and colorless cells form independent rods, and
that what lie has deseribed as a single one is really the product of an
entire ommatidium: the core and sheath of his rod being due to the
arrangement of the eells composing the ommatidiua.  The rod of the
retinophora, or colorless cell, forms the core of HiLGer's rod, while
those of the surrounding pigment cells form the sheath.

Whether there are Gasteropod cyes in which only the retino-
phorae bear retinidia, while the pigment cells are modified for
other purposes, is not known at present. In the Heteropods, however,
according to HExsEN, it looks as though the retinulae were reduced to
very thin pigmented cells at the outer ends of the retinophorae: the
latter alone appear to develop rods.

In the Cephalopods, as we have already pointed out, the retino-
phorae (retinal cells) alone produce double rods, which may be com-
pared directly with the double rods of Arca, Pecten, ete. The retinulae
have become transformed into cells homologous with the ganglionic ones
of Pecten. In the latter case, the inversion of the rods necessitates
the absencc of pigment in these cells, while in the Cephalopods, where
the original direction of the rods is retained, no such change isnecessary.

The pseudo-lentic eyes of Arca must be regarded as small
aggregations of ommatidia on a nearly level surface, the retinidial
cuticula of which has hecome thickened into a lens-shaped body richly
supplied with nerve fibrillae, —in fact exactly what would be produced
by pulling an invaginate eye out flat. One might consider them as in-
cipient invaginate eyes, the retinal cuticula of which has increased in
thickness more rapidly than the ommateal layer has become invaginate.

The retinated type of eyes is confined, ag far as we know at
present, to Pecten, whose retina is characterised by the great develop-
rzent of the retinophorae and their rods, and the complete absence
of pigment from the retinulae. The sensitive layer of the Cephalopod
eye must be regarded as a retineum in which the retinulae have ceascd
to produce rods, some heing modified to form the colorless ganglionic
cells (rsockel« cells of Grexacuer). The eyes of Cephalopods are
remarkable on aceount of their complicated dioptric apparatus, rather
than for any great specialization of the sensitive layer.

Before making any comparisons between the retina of Pecten and

that of Cephalopods, I will attempt to explain my idea of the origin of
Mittheilungen a. d. Zoolog., Station zu Neapel. Bd. VI, 44
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the eye of Pecten. An incomplete knowledge of the anatomy and
development of these eyes has deterred all my predecessors from mak-
ing any attenipt to solve this apparently hopeless problem. They have
contented themselves with the statement that we must look to the de-
velopment for the solution. I thonght so too, and after a careful, and.
I believe, in the main successful study of the development, was much
disappointed to find that the solution did not appear any easier than
before. Instead of developing from invaginations, as I had expected
would Dbe the case, they were formed from knob-like papillae. I left
the matter for a while, and turned my attention towards other genera
of Lamellibranchiata in hopes of finding some clew to the subject.
After stadying the eyes of Arca, I came to the conclusion that the
solution could be found there, if anywhere. Although the following
explanation may not rest npon sufficient evidence, still. as far as it
goes, it is good. Development has shown that, in the young Pecten, the
branchial side of the ophthalmie fold is covered with a number of
small pigmented pits exactly similar to the invaginated eyes of
Arca. There are also small pigmented papillae consisting of a few
ommatidia, which in the larvae are exceptionally large and well deve-
loped, but which in the later stages degenerate or disappear. These
faets indicate that the ophthalmic fold, in the ancestors of the present
Pecten, was provided with many invaginated eyes, together with in-
nmmerable, well developed and isolated ommatidia. a condition which
could best be compared with that in Arce of to-day. A most remark-
able agreement is to be found between the paired arrangement of the
eyes of Pecten and the faceted ones of Arca. In neither genera is the
sequence of the pairs constant; usually two large eyes are separated
by one or two small ones. We have seen that the largest eyes of Arca
are arranged along a pigmented line on the summit of the ophthalmie
fold, and that on the branchial side of this fold were many smaller
eyes in various stages of development. Now in the larvae of Pecten
a gimilar condition prevails. There is a pigment furrow at the base of
the ophthalmic fold from which the large permanent eyes develop, while
on the branchial side of the fold are numerous small and transitional
invaginate eyes. We may suppose that, in the ancestral Pectens, there
were many highly developed, invaginate eyes along the pigmented
furrow. There is in all Mollusca a tendency for such eup-like eyes
to form closed sacs. but in all eases, except Pecten, the posterior wall
liecomes the most highly developed, and gives rise, finally, to the
retina. If we suppose that in Pecten the vesicle, formed by the closure
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of a primitive optic eup, beeconies somewhat flattened, then those om-
matidia on the edge of the vesicle would be turned inward, retaining
meantime their rods PI. 32, tig. 150); those ommatidia on the anterior
wall, which in such cases are usnally short and functionless, would,
with the folding in of the eup, lose their pigment, so that light could
still penetrate to the posterior wall of the vesicle. By a econtinued
ingrowth of the ommatidia on the periphery of the onter wall towards
the centre of the eye. the inverted ommatidia of the anterior wall would
become expressly adapted to the funetion of vision, while those on the
floor of the optic vesicle would gradually become functionless, or modi-
fied in other directions. In the primitive optic cup, the retinophorac
were probably surrounded, as often happens, by a double cirele of pig-
ment cells, an outer and an inner one. After the closing of the cup, this
arrangement appears to have been partly retained, the outer row of
ganglionic cells being the product of the modified basal row of retinulae,
while the inner ganglionic cells are the modified outer ones (Pl. 32,
fig. 151). A similar condition must have obtained in the floor of
the optic eup, which now forms the inner wall of the optic vesicle,
whose layers, if they are homologous with those of the retina.
should be in the inverse order. In this case the structureless and
non-cellular rete-vitrosum wounld be homologous with the layer
of rods; a continuation of this comparison would make the argentea,
composed of flattened and colorless granules, homologous with the re-
tinophorae with which it agrees in the secretion of the hyaline
layer, and in the presence of the colorless and refractive globules, so
characteristic of the retinophorae in general. Lastly, the tapectum,
composed of pigmented cells, would be homologous with the entire
ganglionie layer; both therefore represent modifications of pigment
cells, or retinulae. After the closure cf the optic cup, the modifications
of the swrrounding connective tissue necessary to form the lens and
pseudo-cornea, present no morphological difficulty. The basal mem-
hrene of the primitive optic cup would, with the formation of the optic
vesicle, form the ommateal sae, from the thickening of whosge anterior
and posterior walls wonld be formed the septum and selerotiea,
both of whieh are double layered.

There is still the greatest difficulty to solve , namely: why is it that
Pecten and Arca are so richly supplied with highly developed eyes,
when there seems to be no more necessity for them here than in any

44%



660 William Patten

other Mollusc? The innumerable eyes of Chiton and Onclidium undoubt-
edly owe their origin to the same laws governing the development of
the eyes of Arca and Pectcn. The material, upon which SEMPER made
his observations concerning the cyes of Onchidium , was undoubtedly
in a very poor state of preservation, as may be easily seen from the
figures. The most doubtful of all his statements is. that the inverted
retinal layer is penetrated by the optic nerve. It is very probable that.
in Chiton and Onchidium, the whole surface of the epithelinm is filled
with isolated ommatidia, from which, in the younger specimens, the eyes
are being constantly formed by the aggregation of ommatidia into
groups, which subseqnently become invaginated.

The following suggestion, although it does not strike at the root of
the real difficulties, may possibly direet attention towards a phase of the
question which has not, heretoforc, been considered. For instance, in
almost every Mollusea I have examined, the epithelium was found to
consist, together with other elements. of colorless gland -like cells and
pigmented ones. In certain instanees, we notice a tendeney of the pig-
ment cells to form a circle around each colorless one, giving rise to om-
matidia irregularly scattered overlarge areas. Now there
is, moreover, atendency forthe ommatidia to collect into larger or smaller
groups; but this tendency acts at one place nearly as well as at another,
so that innumerable groups of ommatidia will be formed at the same
time over wide areas. The development of these groups into simple
grooves and pits, and finally into fully developed cyes, is a very simple
process, and may easily be observed. But what is the motive power?
We must necessarily assune, that, up to a certain stage, the formation
of ommatidia and their collection into groups was of some advantage to
the animal (see chapter V). If, now. we assume that the conditions for
the growth of these organs were exceptionally favorable, a powerful im-
petus would be given which would carry them to a degree of develop-
ment far exceeding the necessity of the animal. After a time many of
the organs thus made wonld degenerate and disappear. This degene-
ration of many young eyes of Pecten, and of the faceted eyes in full
grown Arcas, may he considered as steps towards the reduction in
number of the numerous eyes thus unnecessarily produced. There is,
however, still another factor of great importance, which I shall discuss
more fully in another place, and that is the change of functions under-
gone by the ommatidia. Two well developed cyes are, under most
circumstances, enough for any animal. But, if it could be shown that
the eyes originated from organs having other funetions, so that an in-
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erease in their number and perfeetion would be of corresponding ad-
vantage to the animal, then the presence of a great number of these
highly developed organs would ofter no difficulty. If we suppose that
these struetures could, by a progressive series of changes, be trans-
formed into rudimentary eyecs, the function of one not being lost until
afterthat of the other had been acquired, then we could ae-
count for the presence of an unnecessary number of eyes in any one
animal.

As we hope to show more clearly in the last chapter, the so-called
eyes of Pecten, Arca, Onchidiwm and Chiton are highly developed
heliophags. or organs for the absorption of energy from the sunlight.
The more light concentrated upon the energy-receiving surface, the
more benefit the animal would derive from the light. An inerease in
the number of these organs would also be a great benefit, provided the
animals were nocturnal, or lived in dark places. Itis, therefore, on
this supposition, not strange that some animals should have a great
many such organs in a high stage of development, for cvery additional
organ, or every step toward a more perfect structure , would he of a |
corresponding advantage to the animal: we can therefore offer some
reasonable explanation for the great number of such organs present. :
This, however, would be impossible on the supposition that they were
mere eyes, for it would be very difticult to offer any explanation of the
use Arce could make of two highly developed eyes, to say nothing of
the 1200 such organs that it possesses! The same reasoning would apply
to Pecten, with from 60—100 highly developed eyes, and Onclidium
or Chiton with several thousand eyes each. But if it is impossible to
offer any plausible suggestion as to the present function of these eyes,
how is it possible to account for their first appearance, and for the in-
numerable intermediate stages through which they must necessarily have
passed before reaching their present condition? These difficultics are
obviated by supposing that they were, or are, heliophags; we can then
account for their great number and high development according to the
theory of natural selection. But we know from experiment, that Arca
can see — in the ordinary sense — that is, even a very small object will
cause muscular contraction. A heliophag absorbs light energy, and
therefore the most perfect forms have lenses or refractive bodies for
concentrating the light, or are constructed in the most advantageous
way for its reception; but these are just the conditions that an eye has
to fulfil, so that the most perfect heliophag could at the same
time be an eye. Heliophags, like those of Arce and Avicula, receive
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a constant stream of energy, but if this stream is broken by the inter-
vention of any object, a special irritation will be produced giving rise to
muscular contractions. The heliophags of Arce are so perfectly con-
structed and so sensitive, that the slightest change in the light received
causes an irritation sufticient to produce strong muscular eontractions;
it is, therefore, a heliophag of a high stage of development, and
might very properly be called an eye.

If the heliophag hecame so sensitive that the slightest changes in
the amount of light caused muscular contractions, we would have the
first steps towards the formation of an eye. If, by association, and by
the high development of the heliophag. certain light combinations i. e.
images of certain objects, caused contraction. and others, equally in-
tense, not, then the heliophag would have all the essential character-
istics of an eye, but would not necessarily have lost its primitive func-
tion of absorbing energy.

The so-called eyes of Pecten, Arca, Chiton, and Onchidium repre-
sent varions stages of transition from heliophags to true eyes, but in all
probability with their primitive functions still unimpaired.

Nerve Endings.

In order to ecomprehend more fully the nature of the nerve endings
in the retinal layer, it is necessary to study the similar process on the
unmodified epithelium. Sections show that in the Mollusea indifferent
epithelial cells are usnally very high and narrow, being constricted in
the middle, and ending at the base in several root-like fibres attached
to the basal membrane. In certain regions, notably on the ophthaimic
fold, the cells are deeply pigmented at the outer ends; they are covered
by a cuticula varying in thickness, and divisible into two layers, a thin,
refractive outer, and an inner one passing insensibly into the outer ends
of the cells. When these cells have been successfully isolated, one
may see. in nearly all, several nerve fibres extending along the wall of
the cells towards their outer ends. These fihres generally cling quite
firmly to the sides of the cell, hut examples may be found in which they
have been separated from the wholelength of the wall, remaining attached
only at the outer extremity (Pl. 30, figs. 50 and 53). I have seen cases
in which, to one cell, as many as five or six snch fibres. several times as
long as the cell, were attached. In sections of the mantle edge pre-
served either in chromic acid, or picro-chromic osmic acid (For) and
mounted in acetate of potash, a perfect network of fibrillae, the general
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trend of which is parallel to the surface, may be seen bencath, or in the
inner layer of the cuticula. This nervous network, the rete terminale,
seems to be present in greater or less perfection throughout the whole
hypodermis of the mantle edge, but is especially well developed cither
near the eyes or in the pigmented portions. In some cases, large and un-
branching nerve fibres pass directly to the outer cuticular layer, where
they scem to terminate in one or more minute, stiff, sense hairs (P1. 30,
fig. 61 2.f. and Pl 32, fig. 153 d). These larger nerve fibres expand. a
short distance below the basal membrane, into small bipolar vesicles
containing a nucleus. These structures are young ganglionic eclls formed
by the elongation of the slender sense hair eells in the following manner:
the nucleated basal expansion wanders into the underlying tissue, while
the external end becomes reduced a fibre, still extending to the outer
surface of the epithelium, and terminating in one or more sense
hairs. The outer end of the fibre then gives rise to minute cross fibril-
lae, which either adhere to the wall of the neighboring sense cell, or
unite with similar fibrillae from older nerve fibres; lastly, the tuft of
sense hairs disappears, and the conversion of the sense cell into a bi-
polar ganglionic one is complete (fig. 153 e and f). Subsequently the
hody of the bipolar cell gives rise to numerous seeondary fibres which
unite with those from other cells, and so couvert the bipolar cell into a
multipolar one, whose primitive outer end still retains its original po-
sition between the epithelial eells, and extends into the cuticular layer.
Thig process of nerve formation may oceur at any part of the mantle edge,
and is not confined to the larval stage, hut takes place also in the nearly
full grown individual. Here thenis the explanation of the uni-
versal intercellular nerve endings in the Mollusca, and un-
less degeneration of the outer ends of the nerves has taken
place, they shonld always extendinto the cuticula. Inno
casc do nerves from the central nervous system unite di-
rectly with the sense cells of the epidermis. All the nerve-
endsinthehypodermismark approximately the places where
ganglionic cells originated. The latter alone are directly
united on the one hand with thehypodermis, andontheother
with the central nervous system. These facts must give a certain
bias to all our suppositions concerning nerve endings in the hypoder-
mis, for it is evident that, nunless great secondary changes have taken
place, the nerves must terminate between the cells, and pro-
bably extend to their very outer ends; while, if we suppose that the
nerves from the central nervous system grow towards the ectoderm
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and there unite with the cells, there is a possibility of a greater
variety of nerve endings, which we must always hear in
mind inmaking any supposition.

There are numerous sense cells in the skin of the Mollusea, which
apparently terminate in a single fibre, which certainly does not ex-
tend along the walls of the cells. The latter pass so gradually into
these fibres that it is impossible to determine the limits of either. This,
then, appears to he an exception to the intercellular method of nerve
endings. Does the nerve fibre stand in direct communication with the
central nerve system? Ithink not. It seems to me that we have exactly
the same condition here as has been deseribed by Hurrwic for the
Coelenterates: that is, there are two classes of cells in the Mollusea,
coustituting the greater part of the hypodermis: the myo-epithelial,
and the neuro-epithelial cells. The former consist of the ordinary
epithelial cells. ending in radiating, root-like fibres, the nnion of
which gives rise to the basal membrane, whichis probably
homologous with the sub-epithelial layerof myo-epithelial
fibres of the Coelenteratcs. The sense hair cells, which
terminatein a single fibre. would then he homologous with
the neuro-epithelial cells of the Coelenterates. The in-
ward prolongations of the sense ecells in the Mollusca are
not then nerve fibres, arising either fromthe nervous sy-
stem, or from peripheral ganglionie ¢ells, but are simply
nervous prolongations of the sense cells themselves and
are probably nunited as their inner ends with a contractile
onewhichoriginated near the sense cell, and which during
itsinward growth has drawn the nervouns fibre of the latter
after it. The sense cells are provided with inter-cellular nerve fibres,
in the same manner as the ordinary epithelial cells.

The eentral nervous system is simply a large group of ganglionie
cells, which originally arose in the same manner as the peripheral
ganglionie cells do now; the invagination of the whole surface of the
hiypodermis to form a nervous system is a secondary proeess. The union
of the central nervous system with the ganglia of remote sense organs
takes place in exactly the same manner as the various ganglionic cells
of a single sense organ beeame united with each other. The conversion
of ordinary hypodermic ecells into ganglionie ones could not be better
illustrated than by the cells of the outer ganglionie layer in the eye of
Pecten (P1. 29, fig. 33).

Therefore in the origin of any sense organ from a group of hypo-
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dermie eells. the inerease in number of nervous cells arising from that
point goes hand in hand with the inereasing sensitiveness of the organ,
and finally gives rise to a subjacent layer of ganglionie cells united on
the one hand with the central nervous system, and on the other with the
sensitive cells, hetween which the ganglionic ones have arisen.
The only difference between the so-called sense cells and the ganglionie
ones is that the former retain to a greater degree their power of receiv-
ing stimuli directly from the stimulating agents, while the latter,
with inereased sensibility, receive only those stimuli which have
acted upon the former, and conduet them to the central nervous system.
We should, therefore, expeet to find, and do find even in highly devel-
oped sense organs, many transitional stages between sensory, and
ganglionic cells. .

In the ontogenetic development of the higher sense organs, we no
more find a repetition of the phylogenetic process, than is found in the
central nervous system. There is an invagination, or thickening,
of the place in question, with a separation »en masse« of the ganglionic
and sense cells, and a subsequent outgrowth from the nervous centre to
join the sense ganglion. These fwo processes, the separation of the
ganglionic cells and their union with the central nervous system . are
casily studied in those organs which are widely separated from the
latter. But when the two structures originate from the same
place, as in the eyes and brains of Arthropods, the origin of the brain
and the optie ganglion, and their union with each other, may, ontogene-
tically, form a single process. The united ganglionic cells, which have
arisen with the sense cells, form the optic ganglion Cephalopods,
Worms, and Arthropods . The optic ganglion may be united with
the eye hy a primary, ganglionie optic nerve, and with the
brain by a secondary optic nerve, or outgrowth of the central
nervous system. But, if the eye and brain are elosely united, then the
optic ganglion will fuse with the latter. and the secondary optic nerve
disappear. -

Chapter LY. General Remarks upon the Arthropods.

Our studies have shown that the eyes of Arthropods, like those of
Molluses. consist of ommatidia, the structure of which is dependent
upon the shape of the eye.

The compound Arthropod eye consists of a double layer of cells ;
the ommateum, and the corneal hypodermis; the latter has been
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invariably overlooked by GRENACHER; the ease with which it may be
demonstrated in such different gencra of both Insects and Crustacea
as Mantis, Musca, Penaeus, Orchestia, Branclipus, Galathea, Pagurus
and Palaemon renders it highly probable, even if not beyond all doubt,
that it occurs in all faceted eyes. Wherever the corneal hypodermis
is present, the corresponding configuration of its eclls and of the corneal
facets, or when these are absent the corneal markings, prove that
to this layer the corneal cuticula owes its origin. In the absence of
positive cvidenee, it would be unreasonable to suppose that in other
compound eyes the cornea was due to a different source. We are there-
fore compelled to admit that the corneal hypodermis is univers-
ally present in the compound Arthropod eye, and always
gives rise to the corneal facets. It is probable that the corneal
cells may in some cases be regarded as more than simple constructive
elements; their radiating fibres and their general shape in Galathea
render it almost certain that they play a physiological part in re-
gulating the amount of light, and therefore acting as a sort of iris.

The general structure of the ommatidia remains about the same
as in the Mollusea; there is a tendency, however, towards an inerease
in the number of retinophorae, which reach four, or very rarely five,
in the compound ecye, while in certain aberrant forms, as Limwlus,
they may inercase to as many as 8 or 10.

In the Molluseca, we have seen that a natural result of the evaginate,
convex arrangement of the ommatidia is an expansion of the outer ends
of the latter, and a reduction of the retinulae to protective purposes.
An exactly similar serics of changes follows the evagination of the
Arthropod eye. The retinophorae of each ommatidium have inereased
to four equivalent cells, showing no trace of the subordination of
one, accompanied by the predominance of others, as is the case in
Mollusea. The terminal, cuticular sceretions, orrods, by a
series of changes to be shortly cnumerated, have been
transferred to the axial facesof the outer ends of the reti-
nophorae; they there unite to form the erystalline cones, to
accommodate which the outer ends of the retinophorae are
enlarged into a cup-like expansion, the calyx, while their
inner ends arc reduced to a slender tube, or style, serving at
once as a support for the calyx, and as a protective canal for
the axial nerve.

The compound eye of Arca is extremely valnable for comparison
with that of Arthropods: firstly, because it is very simple, and may be
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traced back toaninvaginate eye in which the retinulae also played
primary roles: it is therefore easy to determine what conditions are
essential, and what are the results of a simple modifieation in form;
seecondly, by a ecomparison of the Mollugscan and Arthropod compound
eye, between which there is not the slightest genetic relationship,
we may possibly arrive at some conclusion as to what elements of
the Arthropod eye are essential, and what secondary to vision; or in
other words, what characters may be regarded as morphological, and
what analogous.

A primitive ommatidium may be regarded as a colorless (single?
or compound) cell, provided with a terminal rod and an underlying
reflective part, and surrounded by a circle of pigment cells. When
the colorless cell, or retinophora, of an evaginate eye assunes
a more important part, the pigment cells become modified into
cireles, one smrrounding the rod, and another the reflective part; e. g.
Arca. An analogous condition prevails in Arthropods, where the
retinulae are modified into two prineipal circles; an outer one of
comparatively light-colored cells, surrounding the calyx, and an inuer
row surrounding the reflective part, or pedicel; other pigment cells
may be present, but they show a less constant and uniform arrangement.

A layer of irregular cells is quite widely present in the compound
Arthropod eye, around the bases of the ommatidia, just above the basal
membrane. They contain little or no pigment, but are often filled with
highly refractive erystals, milk-white in reflected, yellowish or colorless
in transmitted, light ; they are often so refractive that when seen in the
latter manner they may appear nearly black. The outer row of retin-
ulae may be divided into secondary circles, of which the very outer
one often contains crystals similar to those over the basal membrane
(Penaeus). The middle row of retinulae, the retinulae of GRENACHER,
are most constant in number and shape, seven being usually present;
four, and less often six, cells surround the calyx.

The style of the retinophorae consists of a structureless tube which
towards its inner end often breaks up into numerous, striated, refractive
plates, the striae running at right angles with each other in alternating
plates of different refrangibility. The faces of the plates are never pa-
rallel with each other. The frequent absence of the pedicels in
those Arthropodsthatcansee well, together with the absence
of nerve fibrillae, indicates thattheyarenot essential struc-
tures. It appears that the pedieel is more frequent in nocturnal, than
in diurnal, Insects. I must confess that I am very loath to make any
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statement about the style and pedicel, except that they are not coneerned
directly with vision: but the facts ennmerated point in a certain direction,
and, in the absence of any proof to the contrary, we must not hesitate
to point out what that direction is, knowing perfectly well that the
evidence is likely to turn in this. or that direetion, with the accession
of new faets.

The facts then to be considered are the following: (1)in the Molluses,
one finds in the retinophorae, beneath the rods, a reflecting surface
composed of refractive granules: (2) in the compound eye of Arca, the
reflective granules are surrounded by a special eircle of retinulae; (3) in
the ahsence of the granules, a special reflecting membrane, the argentea,
is developed, serving the same purpose (Pecten); (4) behind the latter is
a layer of red pigment, the light from which may pass through the
argentea to the rods; (5) the argentea consists of colorless, refractive
plates, the angles of whose faces are so arranged as to cause the reflec-
tion of incident, and interference of transmitted light. If now we
consider, for the sake of argument, that the pedieel is a reflector, we
have the following points of comparison with similar structures in the
Mollusea: (1) A continnous argentea being absent we have instead, at
the hase of each retinophora, a collection of refractive plates, whose
structure renders it highly probable that they have the same optical
properties as those of the argentea in Pecten and Cardium; (2) the
plates are formed by the retinophorae under the rods, as in Arce, and
not by the retinulae; (3) they are surrounded by a special circle of
retinulae, as in drea; (4) in the absence of a red tapetum, the coloring
matter is lodged in the plates themselves: they therefore possess the
combined funetions of argentea and tapetum; (5) the red light from the
plates passes through the styles to the erystalline cones, as is shown
by examining with the naked eye the red light issuing from the eyes
of nocturnal Lepidoptera, in which the pedicels and their red celor is
specially developed.

The argentea is to intensify the cffect of the light, and is there-
fore best developed in those eyes where it is necessary to obtain a
great quantity of light, or in nocturnal, or deep sea animals,which need
to economize the light. The presence of the pedicels in nocturnal
Lepidoptera indicates a similar function.

The most characteristic thing about the Arthropod eye is its eon-
vexity , which has its advantages in an economie arrangement of the
peripheral ends of the retinophorae. This arrangement is favored by
the hard, chitinous skeleton of the eye, affording a protection for the
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otherwise exposed soft parts. The ommateal layer, althongh di-
vided with great distinetness into several zoneg, consists
(exeluding nerve fibres) in the strongest sense of the word
of a single layer, sinec each cell extends from the basal
membrane to the corneal cells. The great thickness of the om-
mateal layer is probably due to the additional strength and firmness
thus obtained. The bacilli may be regarded as supports for the
pigment cells, and the style, as a similar modification of the retino-
phorae, whose bacilli have fused to form a hollow tube for the protec-
tion of the axial nerve.

If we were asked to arrange a flat layer of cells in the most
economic manner, of course with certain limitations, and without
changing the size of the outer ends of the cells, we should have to
arrange them in a hemispherical mass, the inner ends being reduced
in size to fibres. The problem has heen solved in the same manner
by the Arthropod eye. The greater the number of ommatidia,
the greateris the curvature of the surface and the depth of
the layer.

It cannot be said that GRENACHER, or any of his predecessors, per-
haps with the exeption of Scuurrze who has represented the fibrous
markings on the style and calyx, have succeeded in demonstrating
anything like nerve endings in the Arthropod eye. To assume, having
scen nerve bundles penetrate the hasal membrane, that they terminate
in this or that place, is a pure supposition and of absolntely no value,
until one at least is able to draw some reasonable comparison between
the presumable nerve end cells and those in the retina of some other
group, where it is known what the sensitive cells really are. That both
these eriteria have been wanting in the Arthropods is well known. My
observations have shown that it is only in the most simple forms of
ommatidia that the retinulae produce rods. In all other cases they arve
the product of the colorless cells or retinophorae. In Arthropodsit
is the same: the eolorless cells with their various parts are
the essential elements, the pigment cells, or retinulae of
GRENACHER, having nothing to do with the formation of the
so-ealled rhabdom. One might discuss the subject, and offer ol)-
jections to GRENACHER'S theory, indefinitely, and unever come to auy
more deeisive conclusion. GreENAcHER'S whole work hinges upon
the supposition that the rhabdoms are seereted by the retinulae which,
according to him, form a layer of cells, distinet from those of the erys-
talline cones. I believe we have proved thatthe inward con-



670 William Patten

tinuations of the crystalline cone eells constitute the »rhab-
doms«, in whose formation the retinulae take no part what-
ever. Ifthis observationaloneiscorrect, theentireresults
of GRENACHER'S work must fall to the ground.

1f the retinulae are not the essential elements, what then are?
Theyaretheerystallineconc cells, which, morphologically,
must be the essential elements, when compared with those
in the Mollusca and simple eyes of Arthropods. Butbesides
the morphological necessity for considering them as the
essential elements, we have, in addition, aphysiological
one,since we have provedthatinthemthe nerves terminate,
forming that system of eross fibrillae, so characteristic of
the Molluscan rods, called a retinidium. Thereis a third
reason for considering the erystalline cone cells as essen-
tial elements. for upon their retinidia there is a constant
effort to throw the greatest amount of light, often in the
form of a perfect image. The structure of the retinidium eoincides
with that of the Mollusea, in that it consists of suecessive layers of eross
fibrillae, radiating from one or more axial fibres, and uniting with
nerves on the outer wall of the calyx. The fibrillae of the retinidium
may be supported, as in the rods of Molluses, in a firm chitinous
secretion, the crystalline cone: or the sceretion may be fluid, or so in-
consistant as to be destroyed or dissolved by reagents. as in Mantis and
Musca. The facts we have enumerated furnish us with entirely new
data for comparison, and without further consideration for the present
of GRENACHER'S views, we will see in what direction they lead us.

It is, of course, no longer possible to compare the vitreous eells
of the simple cyes with the erystalline cone eells, or retinophorae . of
the compound eye. The undoubted homologue of the vitreous
cells, however, is to be found in the corneal hypodermis of
the compound eves: the position and funetionofboth layers
point to this conclusion. There is no course open except to
compare the two remaining layers with each other. Let us take. for
instance, one of the lateral eyes of Scorpio, and it will be found,
aceording to GrABER and LANKESTER, that the ommateum consists of
ommatidia cach one eomposed of five central . eolorless cells, or
retinophorac. bearing on their axial faces a euticular secretion, or
rod. The retinophorac are surrounded hy two or three cireles of pig-
ment cells, or retinulae. Here then the eolorless cells seerete the rods.
while the pigment cells play only secondary parts. It is exactly the
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same in the compound eye; the axial faces of the colorless eells secrete
rods whieh fuse to form a»rhabdome, the erystalline cone. In some
of the simple eves of Spiders, exaetly the same condition prevails, exeept
that the retinophorae arc double like those of Molluses, instead of five-
fold like those of Scorpions. This comparison will be made mueh
clearer by referring to the diagrammatic figures on PlL. 32.

Although there appears to be no doubt about the homologies of the
compound eyes in Inseets and Crustacea, the most diffienlt problem has
not been solved, and that is the relation of the eompound eyes to the
stemma, and the ocelli of the Myriapods and Spiders. First let us
consider the strueture of the median, and lateral eyes of Myriapods and
Spiders. The question here is, are the lateral eyes double layered like
the median ones? Opinions, unfortunately, seem to differ on this point.
I believe that both are double layered, and hence morphologically
identical organs. If it can be proved in a single instance that, in the
lateral eyes of Spiders, or in any of the ocelli of the Myriapods, such
as Lithobius or Julus, a vitreous layer is present, giving rise to the
cuticular lens, it is highly probable in the absence of positive evidence
to the contrary, that it is always present. We need go no farther than
GRENACHER'S (59) own paper to find this evidence ; any one must be ho-
pelessly prejudiced not to see that, in PL. 20, figs. 2,3, 4, 5 and 9 of his
paper, a nueleated layer must exist between the retina and the lens.
But if the eorneal lens is formed by a distinet hypodermie layer in one
instance. how are we to explain the formation of a lens in the very
same, or nearly related, animals without the hypodermis? The simplest
and only advisable course is to suppose that it likewise exists in the
other forms, but has been overlooked. That such exrrors of observation
are to be expected, will be evident by recalling the conspienouns ele-
ments, i.e. the bacilli and the eornealhypodermis, which have
eseaped notice in the compound Arthropod eye, where the difficulties of
observation are far less than in the simple ones. Moreover we have the
assurance of GRABER that all ocelli possess a vitreous layer. In spite
of the torrents of abuse that GRENACHER has showered upon GRABER
for his diseovery and misinterpretation of a few extra nuelei in the
retina of Myriapods, Spiders and Scorpions, it is tolerably certain, that
if GrasEr has made some unfortunate interpretations, he has also
made several accurate and valuable observations eoneerning structures
which have entirely escaped GRENACHER. A person who admits that
his observations are full of gaps and errors, and who invites eriticism
with the assurance that it will he thaunkfully received, shonld, it
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seems to me, treat those kind enough to respond to the call, with con-
sideration, for persons treated otherwise are liable to take offence, and
may find more mistakes than was anticipated.

There seems to be very little to choose between the »fliichtige
Streifziige« of GRABER, and the »eingehenderen und genauneren
Studien« of GRENACHER. The former has helped out his observations
with too much theory, the latter has helped his theory with too
little observation. Now since the doctors disagree, it is only left us
to choose our own course, picking out, when possible, those facts
which seem to point in the right direction. Therefore, in the absence
of all positive evidence to the contrary, and possessing a few facts in
the affirmative, we will conclude for the present that all the
ocelli of Myriapods and Spiders possessavitreous layer. But
the ocelli of Hexapods are undoubtedly homologous with the simple
ocelli of Myriapods and Spiders, therefore, they likewise must possess
a vitreous layer. Here, also. we have confirmatory evidence, since
GrENACHER and Craccio have figured the ocelli of Musca, and CARRI-
ERE, of Polistes gallica, with a vitreous layer which we may assume is
always present.

But what is the relation between the compound and simple eyes?
The evidence and the probability is very strongly in favor of the sup-
position that all ocelli and compound eyes are dipoblastic; the vitre-
ous layer of one, being homologous with the corneal hypo-
dermis of the other. The compound eye must have originated in
one of two ways; (1) by the fusion of many ocelli, or (2) by the modi-
fication of a single ocellus.

Let us first form some idea of what the primitive Arthropod eye
was like, that we may see in what direction subsequent modification
tended to lead it. It is very probable that the ancestral Arthropods,
like many Annelids of today, were provided with numerous invaginate
eyes situated upon both sides of the head. By the deepening of the cup
and ingrowth of the lips, a closed optic vesicle was formed; the entire
organ consisted of three layers! (Pl 32, fig. 141); (1) the thick inner
wall of the optic vesicle, the retineum; (2) the outer wall, or
vitreous layer, secreting the vitreous body; (3) the corneal hy-
podermis, producing the corneal lens, when one was present.

The central eyes of Scorpio (LANKESTER, Pl. 32, fig. 145 and those

1 We shall not consider the connective tissue fibres which may intervene be-
tween the corneal hypodermis and vitreous layer, as a distinct layer.
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of certain Spiders (GrENACHER) seem to be formed of three layers; the
middle fibrous one probably represents the outer wall of an optic vesicle
together with the connective tissue layer. In Peripatus all four layers
are present Pl 32, fig. 142). In these primitive eyes, it is probable
that the retinulae were reduced to cover eells, while the retinophorae
alone gave rise to the rods. Judging from the structure of the eells and
rods as scen in the simplest larval ocelli, i. e. Phryganea, it is prob-
able that the retinophorae were very similar to those of the Mollusea
and Worms Alciopidae), i. . composed of double cells and double rods
PL. 32, fig. 141); from such a simple retina, or retineum, the more mod-
ified Arthropod ocelli have originated. The modification was in
two directions: (1) an inerease inthe number of optic ves-
icles, accompanied by a reduction in the number of omma-
tidia, which at the same time acquired additional size and
complexity; and (2),adeereascin the number of vesicles, ac-
companied by an inerease in the number and complexity of
the ommatidia. That the optic vesicles may vary in number is suffi-
ciently shown by the Molluseca and Worms. Changes in the number
of eyes are always aceompanied by variations in structure.
The lateral ocelli of Limulus may be regarded as optie ves-
icles whose inner wall has been redunced to an ommateum
containing but one ommatidium. A comparison with an ommati-
dium of the ancestral eye will show how far the specialization has been
carried: one sees that the retinophorae of each ommatidium have been
increased to 10 in number, while npon their axial faces are formed the
rods. 'The changes, then, undergone by the lateral eyes of Lemulus
were an increase in the number of ocelli, with a conversion of the an-
cestral retinenm into an ommatenm, the rods being transferred
from the apices of the retinophorae to their axial faces. The number
of ommatidia was then reduced to one, while their retinophorae were
increased from two, to ten. In the central eye, the reduction in the
number of ommatidia has not proceeded so far, there being about 20
according to LANKESTER); neither, as we should expect, is the spec-
ialization of the individual ommatidium so great, sinee each one pos-
sesses ouly six or seven retinophorae.

If we seek for some other form, in which the series of changes
supposed to have been undergone by Ldmulus has been less extensive,
we shall find it in the Scorpions. Here, the lateral eyes have increased
but little in number, while there is a correspondingly small decrease in
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the number and specialization of the ommatidia. The central eyes!
only differ from the lateral ones in the larger number of ommatidia, and
in the greater development of the vitreous layer: in both, the retino-
phorae of each ommatidinm are only inereased to five in number. Both
Limulus and Scorpio must be regarded as diverging in the same direc-
tion from the auncestral form. Limulus heing the more remote.

The Myriapods are characterised by the small number and uni-
formity of their ocelli. They in this respect approach more nearly the
ancestral form. It is in no way clear what the structure of the omma-
tidia in the Myriapods, is. GRABER'S observations are not complete
enough, while GRENACHER seems to have been more intent upon making
pretty drawings, than upon elucidating the actual structure of the retina.
The observations of both authors are so widely different that it is difti-
cult to select what seems to be the most probable. It would be of great
-alue, in determining the relative position of the Myriapod eye, to show
whether the rods are terminal, that is forming a retineum, or axial,
forming an ommateum similar to those of Seorpions and Spiders.
If the former should prove true, as seems probable, then the eyes of
Myriapods would be the most nearly related to the presumed, ancestral
form. Whether the lateral, horizontal rods are normal is not certain: it
might be supposed that they were really sitnated on the floor, and as-
sume their horizontal position by a lateral collapse of the vesicle, caused
in some way by the reagents; or it is possible that they are not rods
at all, but simple stratificatious of the vitreous hody.

The comparatively small number of eyes in Spiders indicate that
they have in that respect not departed very much from the ancestral
form. But the most interesting fact connected with them is the differ-
entiation of the ommatidia in the anterior and posterior ocelli. In all
the ocelli. here, as in Myriapods, there is an undoubted vitreous layer
present. In many anterior ocelli the rods are apical, that is, retain
their primitive, terminal position. forming a retineum. In the larger,
posterior eyes, there is a tendency for the rods to become axial, form-
ing an ommateum. That this type of retina has not departed far from
the original eondition, is shown by the primitive double rods, and con-
sequently, the double retinophorae. The manner in which a double.

1 Of course it must be recollected that both LANKESTER and GRENACHER
deny the existence of a vitreous layer in the lateral eyes of Seorpions and Limulus,
while GRABER states that in the former such a layer is present; for theoretical
reasons I am obliged to assume that this layer is always present.
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apical rod like that of Pecten, Arca, or Phryganea, may be transformed
into an axial cone. like that of the posterior eye of Spiders, is shown
in the diagram (Pl. 32. figs. 132—138).

In the simpler eyes. where the retincum still exists. the retino-
phorae seem to be formed of double cells; only one nueleus is well
developed, the other is probably reduced in size and distinctness, as
in Molluses and in Worms. With the development of axial rods in
Spiders, one or two) nuelens may be found at the outer end of the cells,
above the rod, asin the compound eye: in other cases it seems to he
below. In spite of the interesting modification of the ommatidia in the
anterior and posterior ocelli, there can be no doubt that they represent
different phases of morphologically identical structures; the posterior
eyes being simply a higher modification of the anterior ones.

In the Hexapoda, we have the most difficult question to deal
with; the divergenee of structure in the two kinds of eyes is so great
that doubt arises as to their morphological identity. The compound eyes
whether formed by one moditied ocellus, or by the fusion of many.
have progressed wonderfully in structure and functional powers. The
simple eyes, however, have remained nearly the same ; and the presence
of avitreous layer, and of the terminal rods, shows at once their identity
with the anterior ocelli of Spiders, and their very slight departure from
the ancestral form. But what are the compound eyes? A group of
united ocelli, or a modification of a single ocellus? Three eclasses of
facts must be considered in answering the first of these questions: (1) are
there any existing stages of such a fusion to be found in the possible,
existing ancestors of the Insecta? (2) are there any traces in the
perfected eye itself of any ancestral fusion? (3) does embryology
give any evidence on this point? On the other hand, the same in-
quiries may he made coneerning a supposed progressive modification
of a gingle ocellus into a compound eye. These two suppositions seem
to be the only permissible ones.

First, then: are there any existing stages in the ancestors of the
Insects. showing a tendeney for the ocelli to fuse into eompound eyes?
First let us decide upon the possible ancestral forms. There are Linu-
lus, Scorpions, Myriapods and Spiders. The first two may he exeluded,
since we have shown that they diverge from the ancestral forms in a
direction diametrically opposite to that of other Arthropods. There are
then remaining Myriapods and Spiders as possible ancestors of the
Insecta.

What, now, would he the indications that a fusion of the ocelli, to
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form a compound eye like that of Insecta, was taking place? We shounld
expect an increase in the number of ocelli, accompanied by a rednetion
of each retinenm to a single ommatidium with axial rods. There
does not appear to be any evidence of this kind in either of these
groups. The ocelli are not numerous; they remain perfectly distinct,
each one surrounded by its basal membrane, and provided with a
single optic nerve; the retineum shows no traces of reduction to a
single ommatidium: and the rods are apical. In Spiders there is much
less evidence of such changes than in Myriapods. In the latter group,
Seutigera promises to give a solution to this problem. Whether its
systematic position is beyond doubt, remains to be seen. The obser-
vations of GRENACHER alone are too uncertain to decide the ¢unestion,
and besides it wounld be exactly as difficnlt to suppose, with our pre-
sent knowledge of the subject. that the eye of Scutigera was formed
by the union of many ocelli, as by the modification of a single one.
Therefore, in spite of the interest that must centre upon a more accurate
knowledge of its structure, we must leave it for the present, and be
satistied with more definite evidence.

12) Is there any evidence in the compound eye itself, that it was
formed by the fusion of ocelli? If such had been the case, we should
expect to find around each ommatidinum some trace of the connective
tissue capsule which formerly surronnded the ocellns. In some of the
simpler compound eyes, where we may snppose that the modifications
of the ocelli have becn less extensive, we should surely expect to find
some indication of this membranous capsule, a struetnre which, by its
almost nuiversal presence in the isolated cyes, could not he so quickly
disposed of in the aggregate condition. Around each ommatidinm
thereis, however, not the slightest trace of any capsunle
arising from the basal membrane, noristhere anyinfolding
of the same, which might be interpreted as a remnant of the
basal membrane belonging to a primitive ocellus! But even
if we suppose that such infoldings once existed and have now disap-

‘peared, we surely onght to find some trace of the original arrange-
ment of the ommatidial cells in isolated groups. The cirenlar arrange-
ment of the retinulae around the retinophorae is a very ancient
one; and, as we have seen, the position of the cell-ends upon the
basal membrane is very constant, and furnishes a valuable key to the
relation of the circles of retinnlac to the retinophorae. If, then, cach
ommatidinm is to be regarded as the remnant of an ocellus, the position
of the cell-cnds, which furnish us with the safest evidence, should show
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some traces of their primitive arrangement npon restricted areas of the
compound hasal membrane. But our studies upon the basal membrane
of Penacus have shown just the opposite of what we should expect,
provided the supposition was eorrect. for we have proved that the
inner ends of eells belonging to neighboring ommatidia,
instead of forming isolated groups, intermingle with each
otherinsneh away that, unlessone followed the cells from
cach ommatidinm inward, it would be impossible to say
whether they belonged to the same, or different omma-
tidia! We have, moreover, seen that in the Spiders and Myriapods
each ocellus reecives a special nerve branch. Now if each ommatidium
represents an ocellus, it should also receive a single nerve branch,
going to its cells alone. But this is not the case, for I have shown that
in Penaeus, althongh the number of nerve bundles is equal to the num-
ber of ommatidia, each nerve bundle breaks up into se-
veral smaller ones going to four different ommatidia!

As far as the third question goes — Does Embryology show any
evidence of fusion? we are not in possession of any very important
cvidence. Neither my own observations, which in this direction have
been very scanty, nor those of others, have shown any indications that
the compound eye was formed by the fusion of ocelli.

We have now to ask the same question concerning the progressive
development of a single ocellus into the compound eye, and then. by
weighing the evidence for. or against each supposition, we may be
able to arrive at some conelusion.

Do we find any evidence in the ancestors of the Insecta of trans-
itional stages between a simple and a compound eye? In Myriapods the
answer is short: all eyes are alike, and are the simplest form of simple
eyes. InSpiders. the anterior ocelli retain their primitive, undifferentiat-
ed condition. and the percipient elements form a retinenm: but in the
posterior eyes the ommatidia have undergone a series of changes to-
wards a higher form. But what are the changes necessary to convert a
primitive ocellus into a compound eye? In order to simplify matters,
let us first determine what the simplest eondition of the compound eye
is. The presence of the corneal facets in certain higher forms, only, of
Insects and Crustacea indicates that they are of late origin; morcover
the presence of a thick corneal hypodermis, and the absence of corneal
facets in such animals as Branchipus, the Isopods, Amphipods and many
Insects, show this condition to be a primitive one. The retinophorae
are usually four in number, but we have seen in Penaeus and Galathea
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that one of the planes of division is more distinet than the others, and
that the inner ends of the cells show traces of a paired arrangement.
We interpret these facts as indicating that the present, quadruple
retinophorae were originally double; and in fact we do find
certain Crustacea, the Amphipods and Isopods, in which the paired
arrangement is a permanent condition. The majority of these simpler
eyes form flattened, or slightly protuberant, surfaces containing but few
ommatidia. An eye with the following features could, then, be con-
sidered as one of the least specialized and primitive forms of the com-
pound eye: a facetless cornea; a thick corneal hypodermis; a small
number of short ommatidia containing double retinophorae provided with
two, large, axial rods which form a nearly terminal crystalline cone;
SEMPER’s nuclei may be above or beneath (Musca, Hicksox) the retinidia;
and finally, the entire ommateum forms a nearly flat surface. How, then,
does such an eye compare with the lateral ones of Spiders? It seems
to me that the resemblances are so striking that they hardly require
enumeration. In Spiders, the terminal rods have become
axial, forming a double refractive body homologous with
the crystalline cone; in some cases, one or two (?) nuclei have
shifted their position so as to lie above the rods. That the apical posi-
tion of the nuclei, above the rods, in the compound eye, presents no
morphological difficulty, is shown by the frequency with which their
position is changed in Spiders, sometimes being above, and some-
times below the rods. In the simplest ocelli with terminal rods, the re-
tinulae form a single, or probably, at most, a double zone; with the
formation of an ommateum by the development of axial rods, the
retinulae show a strong tendency to form two or three zones sur-
rounding corresponding parts of the retinophorae. GRENACHER has
not deseribed any nueclei in the retina of Spiders, except those of
the retinophorae; but we may be sure that the pigment is deposited
in distinet cells, just as in Scorpions and ZLimwlus, whose nuclei
have been overlooked by GRENACHER and misinterpreted by GRABER.
In Spiders, as has been shown by LaxkasTER and BourNE for Scorpio
and Lemulus, the outer and middle nuelei of GrABER must be referred
to an outer and middle (and inner? row of pigment cells, or retinulae!
Then each ommatidinm of the middle eye of Spiders would consist
of a double retinophora with axial rods surrounded by two or three
circles of retinulae (Pl 32, figs. 137 and 146). Such an ommatidium
agrees, in all essential respects, with an ommatidinm of a compound
eye like that of Gammarus. The only”change necessary to convert '|
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a lateral eye of Spiders into a compound one, would be to reduce the
thick lens to a thin cuticular layer, and decrcase the depth of the
ommateal cup; or. viee versa, to change an eye like that of Gammarus
into an ocellus. we have only to inercase the thin corneal cuticula
into a thickened cutieular lens.

To recapitulate: we have answered, as nearly as possible, the six
questions proposed above. To the question: Does (1) comparative
anatomy, (2) histology or (3) embryology give any evidence of a present,
or past, fusion of ocelli to form a compound eye, we are obliged to
answer, no; even a very thorough study has proved that just those
features are absent that ought to be present, provided any fusion had
taken place! (1) We find no traces in the possible ancestors of the
Ingects and Crustacea of a union of ocelli, that could lead up-to the
present compound eye. (2) We find no evidence in embryology. or
in the simple forms of compound eyes, of any fusion of elements; the
faceted cornea, which on this supposition, i. e. that of fusion, should
represent the primitive condition and should therefore be found in the
lowest types, is on the contrary a highly specialized condition only found
in the higher forms, and is entirely absent in the lowest. (3) Careful
study has failed to reveal the presence of any structural peculiarity,
such as envelopes for the ommatidia, arrangement of their cells, strue-
ture of the basal membrane, or of innervation, which could in any way
be interpreted in favor of such a supposition. In fact the evidence is
all against such a mode of thinking.

On the other hand, our questions concerning the supposition that
a compound eye is formed by the progressive modification of a single
ocellus have received tlie following answers: (1) we do find stages in
the Spiders where a single ocellus has developed into an organ that
only insignificant changes would suffice to eonvert into a compound
eye like that of Amphipods and Isopods; (2) embryology shows that
the very thin and degenerate (shown by faint staining of nuclei) corneal
hypodermis of the more specialized compound eye, assumes, in the
larval stages, a greater proportional development, rendering its homo-
logy with the important corneal, or vitreous layer of the occllus more
intelligible; (3] we find a complete identity in all essential parts be-
tween the ommatidia of a compound eye and those of an ocellus.

When to all this evidence against the first supposition we add
that obtained by eomparing all the fundamental changes necessary
for the conversion of a group of ocelli like those of the Myriapods into
a compound eye like that of Insects and Crustacea, and the disappear-
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ance of all evidence of such a change, — with the slight modifications
necessary to convert an ocellus like the lateral one of Spiders into a
similar organ. the evidence in favor of the latter supposition is so
strong that there is no course left but to adopt it.

We have, therefore, arrived at the following conclusions: (1) that
the ancestral forms of all Arthropods were probably pro-
vided with a smallnumberofeyesplaced oneach side of the
head: (2) these eyesconsisted of closed optic vesicles,
formed by invaginations lying close beneath the hypo-
dermis, which formed a continuous layer over them; (3)the
deep wall of the vesicle formed a retineum, similar to that
of Worms and ecertain Mollusea, composed of colorless,
double retinophorac, bearing terminal rods and contain-
ing an axialnerve fibre: each retinophora was surrounded
by cireles of rodless pigment cells: (4) the outer wall of the
optic vesicle seeretes a cuticular, vitreous hody, similar
to that found in the optic vesicle of Worms (Aleiopidae) and
Molluses (Fissurella ete): (5) the hypodermis overlying the
optic vesicle (corneal hypodermis) gave rise to alenticular
thickening of the euticula, the lens. Such a primitive form,
which closely resembles typical Mollusean, and Worm cyes, has under-
gone no great modification in the simpler ocelli. In general, the modifi-
cation has been in two directions: (1 aninerease in the number of ocelli,
accompanied by a deecrease in the number of their ommatidia: this is in
turn accompanied by an increased complexity of the ommatidia; and
(2, a decrease in the number of ocelli accompanied by an inerease in
the number and complexity of the ommatidia. The condition of the
lateral eyes of Limulus indicates that the development of axial rods.
in place of the terminal ones, was the first step in the modification
of the ommatidia. Afterwards, came a decrease in the number of omma-
tidia with an increase in the number of retinophorae.

According to this deseription, then, the median eyes represent a
less modified condition of the archaic eyes, than the lateral ones. The
eyes of Limulus represent the extreme modification, in this direction,
of the ancestral onc, while those of Scorpio have progressed in the
same direction, hut have stopped at an intermediate point. LANKESTER
regards the lateral eye of Limulus as a »monostichous, polymeniscusc
eve, and therefore a modification of a single ocellus into a compound
eye. Iam, onthe contrary, as has already been said, inclined to regard
it as a group of ocelli, whose ommatea are reduced to single, complex
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ommatidia. This is therefore just the opposite to what takes place
in the higher Arthropods, where a ecompound eye is due to the modifi-
cation of a single ocellus. T am consecious that the opponents of the
latter view might see here a contradiction, and could urge with some
plausibility that, if the lateral eye of Lemulus is due to an aggregation
of many oceclli, it furnishes just the illustration desired to show that the
faceted eye was produced by a similar, bhut more extensive series of
changes. But we have already given reasons for believing that the
changes undergone hy the eyes of Limulus would never lead up-to a
typical compound eye, — in fact their development has heen in a dia-
metrically opposite direction — and that the resemblance is of the
most superficial and insignificant nature.

The condition represented by the eyes of Limulus and Scorpio i8
as far removed from the primitive type, as are the compound ones of
Insects and Crustacea. But this condition is attained by a great redue-
tion in the number of ommatidia without a corresponding inerease in
their functional powers. When we compare the direction of their
development with that of the ocelli which give rise to the compound
eyes, we must admit that, if the development of the latter is upward,
towards organs of greater structural complexity and funetional activity,
then the former are tending in the opposite direction, downwards,
towards greater structural simplicity and less perfect functional activity.

In the Myriapods, the eyes have remained nearly stationary:
there has been no great change in the number of ocelli, or in the con-
dition of the ommatidia, which retain their primitive charaeteristics, in
that their rods are terminal and form a continnous layer, a retineum.

In the Spiders, most of the ocelli have likewise remained nearly
stationary, the ommatidia forming a retineum; others, the posterior eyes,
have undergone important changes, not so mueh on account of their
extent, as direction. These changes carrysuchocelli nearly
totheleveloftypicalcompoundeyes. The changes consistinthe
development of double, axial rods, terminal nuelei for the retinophorae,
and two or three (? circles of retinulae, an outer (middle?), and inner
one. The primitive, double retinophora is in direct contrast with the 5
and 10 fold retinophorae of Scorpio and Limulus. To change such an
ocellus into a compound eye, we have only to veduce the corneal lens
to a thin layer and flatten the ommateum. A necessary result of these
changes would be a more perfect isolation of the retinophorae, and con-
sequently a better development of the retinulae. A compound eye being
once formed, it is further perfected by the development of a corneal
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facet, or lens, for each ommatidium; the number of retinophorae in-
creases to fonr, and two well defined and constant circles of retinulae
are developed, an outer row surrounding the cone, and an inner one,
the stalk of the retinophorae, or the reflector when one is developed.
The circles of retinulae may inerease, in certain cases, to three or four.

It will be seen that, as far as the conversion of a so-called double
layered ocellus, or stemma, into the compound eye is concerned, I agree
more with LANKESTER than with GRENACHER; but there the resemblance
ceases; LANKESTER has, in other respects, followed GRENACHER in re-
garding the crystalline cone cells as homologous with the corneal hy-
podermis of the simple eyes. In confirmation of his supposition, Lax-
KESTER alleges that there is a tendency in the simple eyes to become
retinulate; this is especially true in regard to Scorpious, and upon this
fact he scems to base his conclusions. As we have shown, this
statement is true not only of Limulus and Scorpions, but is
likewise the case in all eyes, since all are formed of omma-
tidia showing a greater or less amounnt of segregation. The
relation of simple eyes to compound is not shown by a
greater or less degree of retinulation, since this is carried
nearly to its extremc in such remote forms as Limulus and
Scorpio, but by the position and number of the rods, which
tend to become axial, giving rise to the crystalline cone of
the compound eye.

LANKESTER has introduced a nmnmber of terms which we cannot
accept. The term »nerve end cells«, if my observations are true,
is not logical, since every cell is supplied with nerves; we can only dis-
tinguish the manner in which they terminate. If we rejeet the term
merve end cellsq, we must do the same for the term »perineural
cells«. The primary division he would make into »monostichousc
and »diplostichous« is no more appropriate than the terms simple
and compound eyes, or ocelli and faceted cyes. It is, firstly, ex-
tremely doubtful whether a »monostichous« Arthropod eye exists; and,
secondly, many of the so-called »diploblasticc ones are in reality three
layered, as in Scorpions (GrABER), and Spiders (GRENACHER). All
organs tend to vary in certain directions, dependent primarily upon the
primitive strueture of the organs in question. To know what those
directions are we must know the structure of a few specialized forms,
and how they differ from the primitive ones. I have endeavored to
find these factors in order to found a new method of classification. I
have shown, with a certain show of reason, what the original structure
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of the sensitive layer, and the general structure of the eye, was. It
is supposed that the primitive Arthropod eye was formed of three layers
(P1. 32, fig. 141), and that all other forms are modifications of this type.
Even if we admit that this supposition is true, our knowledge of these
layers is too small to be used at present with any effect. Although
not of primary importance, the evidence obtained from a study of
these three layers may be used in eonjunetion with that obtained
from a knowledge of the ommatidia, whieh must be regarded as
the elements possessing the greatest classifying value. Upon theur,
I believe, must be founded the elassification of all eyes, and not
upon the number of layers, or upon the lens, or any similar part
of equally small, physiologieal, or morphological value. LANKESTER'S
term retinulate, signifying »an ommateum in which the nerve end
cells are segregated to form definite groups, or retinulae, is not ad-
missible , sinee it is founded upon a wrong conception of the strue-
tural elements of the eye. All eyes are retinulate in this sense,
since they consist of ommatidia formed of compound retinophorae sur-
rounded by pigment, or ganglionie cells.

The term »vitreous body«is a bad one, sinee lie nses it to desig-
nate a layer of eells, whereas the term has already been universally
used to designate a non-cellular, vitreous seeretion. Moreover he
applies it to »the anterior cell wall of a diploblastic ommateumc; it is
certain that in the compound eye this layer (the eorneal hypodermis)
does not secrete any vitreous hody, but gives rise to the corneal facets
alone. It is also extremely probable that the homologous layer in the
stemma and oeelli, or the vitreous body (whieh ought to be called the
corneal hypodermis), likewise gives rise to the eorneal lens, but to no vit-
reous seeretion; this funetion is performed by the outer wall ofthe primitive
optie vesicle, or by the median of the three eetodermie layers. To this
layer, which is entirely absent in the eompound eye, I have given
the name vitreous layer, and to that immediately underlying the
corneal euticula, that of corneal hypodermis; the latter ecannot fail
to be present in all Arthropod eyes, possibly with the exeeption of
certain Crustacea, such as Copepods, Cladoeera ete. which we have
not ineluded in any of our previous statements.

We cannot recognize the term »vitrellac, or »a group of eells of
a vitreous body whieh has beecome segregated in eorrespondence with
the segregation of the retinal body and of the lens, sinee it is founded
upon what we eonsider to be a false coneeption of the strueture of the
compound eye.
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There is no necessity for regarding some eyes as »exochromiec,
and others as »autochromie«. sinee there is no evidence to show
that pigmented mesoderm cells have forced their way through the
basal membrane into the eye; neither ean it be shown, as any induce-
ment for the supposition that there are two kinds of pigmentife-
rous cells in the eye, that they owe their origin to two different
sources. LANKESTER moreover carries this supposition to an ab-
surd degree, in stating that such mesodermic eells have wandered
through the basal membrane, forcing their way between the retinulae,
then through a second membrane, and finally between the erystalline
cone cells, in order to surround them with pigmented ones in a manner
to correspond to the arrangement of the retinulae around the rhabdoms.

Moreover the pigment cells are the most ancient elements in the
eye, older even than the retinophorae, and their origin, as well as that
of the retinophorae, is always ectodermic. It follows, then, that I cannot
aceept his division of eyes into exochromie, and autochromie, since ae-
cording to my views such a division is not conscquent.

It must be borne in mind that I have not attempted to draw any
inference, founded upon the structure of the eyes, in regard to the ge-
netic relationship of the different groups constituting the Arthropods.
I have simply made what seemed to be a reasonable supposition as to
the primitive Arthropod eyes., and have attempted to show how far,
and in what direction, the eyes now known diverge from this ancestral
form. Whether this evidence will be of any phylogenetic value, I am
not prepared to say. A verdiet ean only be rendered after a careful
study and comparison of all other evidence entitled to consideration.

A superficial examination of the eyes of Copepods and Cladocera
shows at once a resemblance between the erystalline body, — not the
cuticular lens which is sometimes developed, — and the erystalline
cone of the compound eye. If this resemblance is more than a super-
ficial one, we might attribute to them a similar funetion. Our know-
ledge of the structure of these eyes is too vagune to allow of any specu-
lations concerning them. But if it eould be proved that the ommatidia
were separated from the cuticula by a layer of eells, then there would
be ground for believing that they represent modified invaginate cyes
in which the retineum was reduced to one, or a small number, of om-
matidia. On the other hand, it is possible that they may represent
single, or small groups, of isolated ommatidia which, without separation
from the primitive hypodermis, have reached their present condition.

Considering the fact that the retinophorae in Mollusea are double,
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and contain a highly developed, and an aborted, nueleus, we must ad-
mit that the possibility of regarding the phaosphere, found in Euscor-
pius Italicus, by LANKESTER, as an aborted nueleus, is not so remote
as he would have us believe. 1 have omitted this factor in my dedue-
tion, for the sake of simplification: for, even if it were so, it would
not materially alter the conclugions at which we have arrived.

It was not until I had definitely decided, by comparison, what must
have been the character of the primitive Arthropod eye, that my atten-
tion was called to the cye of Peripatus as deseribed by Canvitire. This
type of eye resembles so perfectly the presumed ancestral one that
either might be regarded as the primitive form.

This conceeption, then, is of double value, firstly, because, according
to it, all the various forms of Arthropod eyes (with the exceptions al-
ready mentioned) may be regarded as modifications of a single, primi-
tive type, exactly like that fonnd in the most primitive Arthropod; se-
condly, because the so-called Molluscan eye of Peripatus is no longer
remarkable on account of its dissimilarity with other Arthropod eyes,
but, in fact, is ecompletely identical with what we have good reason for
supposing is the primitive Arthropod eye.

In the Crustacea, the number of cephalic eyes is never so great
as that often found in the Insecta, and in by far the majority of cases is
limited to two. There is seldom more than a single, median, larval eye,
probably representing a fusion of two paired ones, which are very
rarely retained in the adult.

Euphausia is remarkable on account of its numerous, segmentally
arranged eyes, or luminous organs, asSars! considersthem. Through the
kindness of Dr. PAurL. MAYER, [ have had the pleasure of examining some
very carefully prepared sections of these organs. Ihoped to give a more
complete description of them, but that must be reserved for some future
time.

Sars states that there is no reason to consider them as visual
organs, since their structure is not like that of eyes in general. 1
cannot agree with him to this respect. I do not think SArs examined
the eyes by means of sections, without which it would be extremely
hazardous to form an opinion. The sections I had the pleasurc of
studying showed a complete agreement in essential characters with the
visual organs of other animals. The lens is separated from the exte-
rior by a double layer of cells, and is suspended in a well-developed

! Report on the Schizopoda collected by H. M. S. Challenger during the
years 1873—1876. in: Challenger Reports Vol. 13, Part 37, p. 70—72, Pl. 12,
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(museular?, hand. The retina is nearly hemispherical, and contains a
deep row of large nuclei and a superficial layer of more numerous, smaller
ones. Accordingto Sars’ description, this layer should eontain bright red
pigment, although in the preparations I examined the celis were color-
Jess, the pigment having been extracted by the reagents. The cavity
of the optie enp is almost completely filled with a mass of rods (SARS’
»flabelliform bundle of fibres«), whieh are remarkable on account of the
long, vertieal, median rods, and the shorter, horizontal ones, on the
side walls of the eup. Bencath the retina is an extraordinarily thiek,
(laminated) layer, or argentea, nearly hemispherical, and remarkable
on account of the uniformity in the thickness of its peripheral and
central parts. The great development of the lateral rods, and of the
peripheral part of the argentea is a correlated and dependent condition,
probably due to the great amount of lateral light reflected by the peri-
pheral parts of the argentea upon the lateral rods. The vertical rods pro-
hably reeceive thedireet vertical rays from the lens, and the same a seeond
time after their reflection by the underlying argentea. The general
tendency has heen to regard these remarkable organs as cyes, on
account of their evident similarity to them, though Sars has come to the
conclusion that they are not eyes, but lmminous organs. But let us eon-
sider what a luminous organ is, and how it originated. It certainly must
be of some decided advantage to the animal, else it could never have
originated. It is extremely improbable, if not impossible, to suppose
that such highly eomplicated organs eould have been developed by a
series of gradual changes, for the purpose of frightening other animals.
Besides Juminosity is too common to suppose that it would affeet any
noeturnal animals — the only ones to he frightened by it. They
could not serve as sexnal attraction, sinee they are present in both
males and females. It is extremely improbable that they could have
originated as luminous organs, to he used as a help in eapturing
prey. It is only possible to suppose that their luminosity was a newly
aequired property, originally, only a secondary, or incidental one.
For instance, it would be very easy for an eye, with a well developed
tapetum and lens, to he transformed into a luminous organ, provided
the rods, or some other substanee in the optie vesiele, as the vitreous
body, should acquire highly phosphorescent properties; the lens and
concave argentea would then aet like a miniature dark-lantern, in
which the phosphorescent substance is the light, the argentea, a eon-
cave refleetor of the most perfect deseription, and the optie lens.
the bull's eye lens of the lantern. If sueh a transformation took plaee,
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the rods and histological structure of the retina would necessarily
undergo degeneration. and no longer function as sense organs;
lienee their nervous supply would almost entively disappear, a
condition which has, apparently, not been realized. But the difficulty
in the way of such a supposition is to point out any purpose in such
a change, or any adequate advantage to be gained by the animal;
and then we have only doubled the difficulties, since we wust still
explain how so many accessory eyes were originally developed.

In fact, to suppose that the organs are luminous does not decrease,
but on the eontrary augments the difficulties to be met in treating this
subject, therefore I cannot agree with SARs in eonsidering them as
luminous organs, but am compelled to regard them as aecessory
eyes. It seems to be beyond doubt that they are luminous; bhut still
I desire to call attention to the faet that the proof does not as yet ap-
pear to be perfect. For instanee. SARs has not said that the eyes are
Inminous in absolute darkuness! It must be borne in mind
that the presence of the brilliant argentea would, in certain positions,
cause a sudden reflection of any bright object in the vieinity, and thus
produce the brilliant flashings which Sars considers voluntary.
But in spite of these faets. it appears that the rods, or fibres, are
faintly luminous, even when igolated and erushed. But cven this does
not prove that the structures are luminous organs, since this property
is a very common one, found in almost all conditions of matter, living
or dead, and in the present instance it eould very easily be an ineci-
dental property, having nothing at all to do with the use of the
organs. I would also like to call attention to the presence of the
bright red pigment so characteristic of eertain forms of Inverte-
brate eyes i. e. Ceelenterata, Echinoderms, Molluses and Worms.

If these bodies in Euplausia are not »luminous organs« — that
is, if the luminosity is not an essential. but only a secondary and inei-
dental property, — then they are, in all probability, visual organs, or
eyes. But how can we explain the presence of so many ecyes in this
isolated group? It is probably due to one of two reasons, either they are
deep sea, or nocturnal animals. But from the »Challenger Reportse,
it is evident that they are found in great abundance on the surface.
and seldom. or never, at any depth. They are, probably then, noet-
urnal, and this fact has led to a great development of ommatidia in
certain regions, giving rise to the eyes as we now sce them. The
enormous development of the argentea is an evidence that they are
construeted for an economy of light impressions, just as in Pecter, and
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in those nocturnal, or deep sea fishes, whieh are so universally supplied
with reflecting surfaces.

I must anticipate the theoretical remarks to be given in the fifth
chapter, in order to say that I regard these bodies as organs adapted
for the absorption of light energy, rather than for the pereeption of
objects. These aceessory organs may with propriety be called eyes
sinee, originally, all eyes had sueh a funetion, and may still have it
even in the more highly perfected forms.

The ecareful and valuable studies of Grossex (55) upon the
eyes of Phyllopod Crustacea, have shown that in this group the
lateral eyes are overgrown by a double, membranous fold, in some
cases cnelosing the eye in a eomplete sae, whieh in other instances
remains open. He regards thesc folds as protective, and considers
that they are not developed in Branchipus; but the faet, as I have
shown, that the latter genus is supplied with a eorneal hypodermis,
would indieate that a similar fold was present in the embryos. If
this is s0, we must suppose that the hypodermie folds over the Clado-
ceran eye represent the corneal hypodermis of the higher Crustacea,
and that the folds have a decper phylogenetie signification than
has been supposed. The resemblance between this foldiug of the
hypodermis, and the invagination to form what 1 have eonsidered
as the primitive Arthropod eye, is so striking that one cannot fail to
notice it. But on the other hand the resemblanee may be a super-
ficial one, and we'should not be warranted in regarding it as having
a phylogenetic meaning, withont a more accurate knowledge of the
eye in this group of Crustacea.

Development.

I ean see no reason for supposing that the development of the
visual organs of Arthropods should be any different, in principle, from
that of Molluses. CarriEre states., on the authority of KENNEL, that
the eyes of Peripatus are formed by the modifieation of invaginated,
and in the early stages, open-mouthed, optic eups. The strongest oh-
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